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A B S T R A C T
L e a v e s  o f t r o p ic a l  and  s u b - t r o p ic a l  s p e c ie s  a r e  r a p id ly  c h i l l - in ju r e d  
w h e n  e xp o se d  to  te m p e r a tu r e s  in  th e  0 to  1 0 °C  ra n g e . In  c o n tra s t ,  le a v e s  
o f t e m p e r a te  and a r c t ic  a lp in e  s p e c ie s  can  w ith s ta n d  th e s e  te m p e r a tu r e s  
w ith o u t d a m a g e . C h i l l - s e n s i t iv e  le a v e s  can  be d iv id e d  in to  tw o  c a te g o r ie s  
b a s e d  on t h e i r  s u s c e p t ib i l i ty  to  c h i l l in g - in ju r y : -
1) E x t r e m e ly  c h i l l - s e n s i t iv e  s p e c ie s  w h ic h  a r e  r a p id ly  d a m a g e d  on
e x p o s u re  to  te m p e r a tu r e s  b e tw e e n  12  to  1 5 °C  (e . g. E p is c ia  re p ta n s )  
and  w h ic h  can n o t be r e a d i ly  h a rd e n e d  a g a in s t c h i l l in g - in ju r y .  
M a in ta in in g  100 p e r  c e n t r e la t iv e  h u m id ity  d u r in g  c h i l l in g  a t 5 ° C  
does n o t p re v e n t  in ju r y  to  th e s e  s p e c ie s , a lth o u g h  th e  speed  a t  
w h ic h  in ju r y  o c c u rs  is  re d u c e d .
,2) C h i l l - s e n s i t iv e  s p e c ie s  w h ic h  a r e  d a m a g e d  in  th e  0 to  lO ^ C  ra n g e
(e . g. P h a s e o lu s  v u lg a r is ) and w h ic h  can  be r e a d i ly  h a rd e n e d  a g a in s t  
c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  c e n t R H , b y  4 d a ys  g ro w th  a t 1 2 ° C ,
95  p e r  c e n t R H , b e fo re  c h i l l in g .  M a in ta in in g  100 p e r  c e n t R H  d u r in g  
c h il l in g  a t 5 ° C  p re v e n ts  in ju r y  to  th e s e  s p e c ie s .
I t  is  c o n s id e re d  th a t th e  p r im a r y  re s p o n s e  in  c h i l l in g - in ju r y  is  a 
te m p e r a tu r e  in d u c e d  p h a s e  t r a n s i t io n  in  th e .l ip id s  o f th e  c e l lu la r  m e m b ra n e s
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f r o m  a l iq u id - c r y s t a l l in e  to  a s o lid  g e l s ta te . T h e  t e m p e r a tu r e  a t w h ic h  
th e  p h a s e  change o c c u rs  a p p e a rs  to be d e te rm in e d  m a in ly  b y  th e  d e g re e  
o f u n s a tu ra t io n  o f th e  fa t t y - a c id s  a s s o c ia te d  w ith  th e  p h o s p h o lip id s .
T h e  c h i l l - s e n s i t iv i t y  o f le a v e s  g ro w n  a t 2 5 ° C  w as  r e la te d  to a lo w  
p e rc e n ta g e  o f l in o le ic  and l in o le n ic  a c id  a s s o c ia te d  w ith  e a c h  p h o s p h o lip id . 
T h e  d e g re e  o f u n s a tu ra t io n  o f th e  g ly c o lip id s  co u ld  not be r e la te d  to. th e  
c h i l l - s e n s i t iv i t y  o f th e  s p e c ie s .
H a rd e n in g  th e  c h i l l - s e îx s itiv e  s p e c ie s  P h a s e o lu s  v u lg a r is  and  
G o s s y p iu m  h irs u tu m  a g a in s t  c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  cen t R H , 
r e s u lte d  in  in c re a s e s  o f up to  12 p e r  c e n t in  the p e rc e n ta g e  o f l in o le ic  
a c id  a s s o c ia te d  w ith  a l l  th e  le a f  p h o s p h o lip id s . T h e  d e g re e  o f u n s a tu ra t io n  
o f th e  g ly c o lip id s  d id  no t ch an g e d u r in g  h a rd e n in g . T h e  in c re a s e s  in  
u n s a tu ra t io n  o f th e  p h o s p h o lip id s  w e r e  show n to  be p o s it iv e ly  r e la te d  
to  th e  in c re a s e d  to le r a n c e  o f th e  p la n ts  to  c h i l l in g  b y  th e  fa c t  th a t  s im i la r  
in c re a s e s  d id  not o c c u r  d u r in g  the g ro w th  o f c h i l l - r e  s is  ta n t H o rd e u m  
v u lg a r e  a t 12^C  and th e  in e f fe c t iv e  a t te m p ts  a t h a rd e n in g  c h i l l - s e n s i t iv e  
E p is c ia  re p ta n s  o v e r  4  d a y s  a t  15*^C, th e  lo w e s t te m p e r a tu r e  th is  s p e c ie s  
can  w ith s ta n d  w ith o u t in ju r y .
C h i l l in g - in ju r y  in  P h a s e o lu s  v u lg a r is  cou ld  be p re v e n te d  b y  e n c lo s in g  
the  p la n ts  in  p o ly th e n e  bags a t 5 ° C ,  thus  m a in ta in in g  100 p e r  cen t R H ,  
H o w e v e r ,  le a v e s  o f th is  s p e c ie s  t r a n s f e r r e d  f r o m  2 5 ° C  to  5 ° C ,  100 p e r  
c e n t R H  and 1 2 °C , 100 p e r  c e n t R H  f o r  4 days  d id  no t h a rd e n  a g a in s t  
su b s e q u e n t c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  cen t R H . In  a g re e m e n t  w ith  
th is  f in d in g  no in c r e a s e  in  u n s a tu ra t io n  o f the  p h o s p h o lip id s  w as  d e te c te d  
o v e r  4 d a ys  g ro w th  a t 5 ° C , 100 p e r  ce n t R H , and 12 ° C ,  100 p e r  c e n t R H .
I t  is  s u g g e s te d  th a t  p la n ts  g ro w n  a t 5 and  12 C , 100 p e r  c e n t R H , b y  
e n c lo s u re  in  p o ly th e n e  b ag s  do no t h a rd e n  a g a in s t s u b s eq u en t c h i l l in g -  
in ju r y  a t 5 ° C ,  85 p e r  c e n t R H , b e c a u s e  th e  c a rb o n  d io x id e  c o n c e n tra t io n  
w ith in  the  b a g  is  r a p id ly  lo w e r e d  b y  p h o to s y n th e tic  f ix a t io n .  T h is  r e s u lts  
in  th e  c e s s a tio n  o f p h o to s y n th e s is  and  a  re d u c e d  s u p p ly  o f th e  c o fa c to rs  
; o x y g e n  and N A D P H  a v a i la b le  fo r  d e s a tu ra s e  a c t iv i t y ,  th e r e b y  p re v e n t in g  
an  in c r e a s e  in  th e  d e g re e  o f un  s a tu r a t io n  o f th e  p h o s p h o lip id s .
,\
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A n  in c r e a s e  in  l e a f  age a t 2 5^ C  w a s  show n to  in c r e a s e  th e  
s u s c e p t ib i l i ty  o f c h i l l - s e n s i t iv e  p la n ts  to  c h i l l in g - in ju r y .  T h is  in c re a s e  
in  s u s c e p t ib i l i ty  o f o ld e r  le a v e s  to  d a m a g e  w a s  r e la te d  to  a d e c re a s e  in  
th e  d e g re e  o f u n s a tu ra t io n  and w e ig h t  o f p h o s p h o lip id s  w ith  in c r e a s e  in  
p h y s io lo g ic a l age a t 2 5 ° C .
In  c o n c lu s io n , th e  r e s u lts  r e p o r te d  in  th is  in v e s t ig a t io n  p ro v id e  
e v id e n c e  th a t  h a rd e n in g  c h i l l - s e n s i t iv e  le a v e s  p re v e n ts  c h i l l in g - in ju r y  
b y  in c r e a s in g  th e  d e g re e  o f u n s a tu ra t io n  o f th e  m e m b ra n e  p h o s p h o lip id s  
th e r e b y  lo w e r in g  th e  t r a n s i t io n  te m p e r a tu r e  o f th e  l ip id  la y e r  o f the  
c e l lu la r  m e m b ra n e s . T h is  p h a s e  change does n o t o c c u r  on c h i l l in g  
c h i l l - r e s is t a n t  p la n ts  b u t m a y  o c c u r  a t s u b -z e r o  te m p e r a tu r e s  and  
in c r e a s e  t h e i r  s u s c e p t ib i l i ty  to  f r e e z in g - in ju r y .
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IN T R O D U C T IO N
T h e  e ffe c t  o f lo w  te m p e r a tu r e  on le a v e s  is  p ro b a b ly  th e  m o s t  
im p o r ta n t  e c o lo g ie a l fa c to r  l im i t in g  th e  s u r v iv a l  o f m a n y  s p e c ie s , 
both  w ild  and c u lt iv a te d  a t the  p o la r  l im i t s  o f t h e ir  d is t r ib u t io n .  
A lth o u g h  i t  h as  b e en  k n o w n  s in c e  1778 (B ie r k a n d e r )  th a t  th e  le a v e s  
o f t r o p ic a l  and s u b - t r o p ic a l  s p e c ie s  a r e  r a p id ly  c h i l l - in ju r e d  w h en  
e x p o s e d  to  te m p e r a tu r e s  in  th e  c h i l l in g  ra n g e  ( 0 - 1 0 ° C ) ,  th e  cau se  
o f in ju r y  is  s t i l l  n o t c le a r .  E a r l y  w o r k e r s  n o ted  th a t  a n im a ls  
( l^ a r s o n  and R a p e r ,  1 9 2 7 ) and th e  seed  o ils  o f p la n ts  {H ild itc h , 195 6 ) 
o r ig in a t in g  f r o m  c o ld  c l im a te s  h ad  m o r e  u n s a tu ra te d  f a t ty -a c id s  in  
t h e i r  l ip id s  and i t  w as  s u g g e s te d  th a t d e a th  o f t r o p ic a l  s p e c ie s  a t  
lo w  te m p e r a tu r e s  co u ld  be due to s o lid if ic a t io n  o f th e  c e l lu la r  l ip id s .  
T h e re fo re ^  m o  S t  s tu d ie s  on c h i l l in g - in ju r y  h a v e  b e en  c e n te re d  on th e  
f a t t y - a c id  c o m p o s it io n  and p h y s io lo g ic a l a c t iv i ty  o f m e m b ra n e  
■ p re p a ra tio n s . B e c a u s e  r e la t iv e ly  p u re  p la n t  m ito c h o n d r ia  can  be  
p r e p a r e d  f r o m  f r u i t s  and s to ra g e  o rg a n s  w ith o u t c h lo ro p la s t  
c o n ta m in a tio n , and  due to  th e  e c o n o m ic  im p o r ta n c e  o f b e in g  a b le  to  
e x te n d  th e  s to ra g e  l i f e  o f c h i l l - s e n s i t iv e  f r u i t s  a t lo w  te m p e r a tu r e s ,  
i t  is  n o t s u r p r is in g  th a t  th e  m a jo r i t y  o f e x p e r im e n ts  on f a t t y - a c id  
c o m p o s it io n  and c h i l l in g - in ju r y  h a v e  b e e n  c a r r ie d  out w ith  f r u i t  and  
v e g e ta b le  p r e p a r a t io n s .
T h e r e  a r e ,  h o w e v e r ,  d a n g e rs  in  e x tra p o la t in g  th e  e ffe c ts  o b ta in e d  
w ith  f r u i t  and v e g e ta b le  m ito c h o n d r ia  to  a c c o u n t fo r  th e  b e h a v io u r  o f  
le a v e s  in  r e la t io n  to  c h i l l in g - in ju r y .  L e a v e s  o f the  m a jo r i t y  o f c h i l l -  
s e n s it iv e  s p e c ie s  a r e  r a p id ly  c h i l l - in ju r e d  and show  s ig n s  o f n e c ro s is
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a f t e r  o n ly  a fe w  h o u rs  a t th e  c h i l l in g  te m p e r a tu r e  (P , 27 ) . In  c o n tra s t ,  
th e  f i r s t  v is ib le  s y m p to m s  o f c h i l l in g - in ju r y  in  f r u i ts  u s u a lly  ta k e  
s e v e r a l  days  to  d e v e lo p . D u r in g  th e  f i r s t  h o u rs  o f c h i l l in g  le a v e s  
s u ffe r  v e r y  r a p id  w a te r  lo s s  (P . 27 ) and le a k a g e  o f e le c t r o ly te s  
w h ic h  sug g ests  th a t the  f i r s t  d e t r im e n ta l  changes  m a y  ta k e  p la c e  in  
th e  p la s m a lle m a  r a t h e r  th a n  the  m ito c h o n d r ia . F u r t h e r m o r e ,  le a v e s  
c o n ta in  a f a r  h ig h e r  p r o p o r t io n  o f c h lo ro p la s ts  th a n  f r u i t s  and  
d e t r im e n ta l  changes a s s o c ia te d  w ith  th e s e  and o th e r  m e m b ra n e s  m a y  
o c c u r  b e fo re  th a t o f th e  m ito c h o n d r ia .  P e rh a p s  th e  m o s t im p o r ta n t  
d if fe r e n c e  b e tw e e n  le a v e s  and f r u i t s  is  th a t le a v e s  can  be p r o g r e s s iv e ly  
h a rd e n e d  to  w ith s ta n d  lo w  te m p e r a tu r e s  e ith e r  in  th e  c h i l l in g  ra n g e  
o r  in  the  s u b -z e r o  f r o s t  d a m a g e  ra n g e . T h e  e x tre m e s  o f te m p e ra tu re  
w h ic h  m o s t o rg a n is m s  can  w ith s ta n d  depends la r g e ly  on th e  
e n v iro n m e n ta l c o n d itio n s  to  w h ic h  th e y  h a v e  b e e n  p r e v io u s ly  e x p o s e d . 
T h e  e x te n s io n  o f th e s e  e x t r e m e s  b y  e i th e r  h e a t o r  co ld  e x p o s u re  to  
an  in te r m e d ia te  t e m p e r a tu r e  is  c a lle d  h a rd e n in g . T h e  p re s e n t  s tu d y  
c o n c e rn s  th e  p h y s io lo g ic a l ch an g es  th a t o c c u r  in  re s p o n s e  to  a 
d e c re a s e  in  t e m p e r a tu r e .
B e c a u s e  a tte m p ts  a t h a rd e n in g  c h i l l - s e n s i t iv e  f r u i t s  m e t w ith  
l i t t l e  su c ce ss  th is  le d  to  th e  v ie w  th a t i t  is  n o t p o s s ib le  to  h a rd e n  
c h i l l - s e n s i t iv e  le a v e s  to an y  s ig n if ic a n t  d e g re e  (L y o n s , 1 9 7 3 ).
H o w e v e r ,  h a rd e n in g  o f c h i l l - s e n s i t iv e  c o tto n  s e e d lin g s  (S te w a r t  and  
G u in n , 1969) and to m a to  s e e d lin g s  (W h e a to n  and M o r r i s ,  1967) w as  
found to  r e q u ir e  2 d ays  a t a te m p e r a tu r e  s l ig h t ly  ab o ve  th e  c h i l l in g  
ra n g e  f o r  m a x im u m  p r o te c t io n  a g a in s t c h i l l in g - in ju r y .  T h e  p re s e n t  
a u th o r  has found  th a t a lo n g e r  p e r io d  o f 4 days  a t 1 2 °C  w a s  n e c e s s a ry
«
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f o r  th e  m a x im u m  p r o te c t io n  o f o ld e r  p la n ts  o f G o s s y p iu m  h ir is u tu m ,
P h a s e o lu s  v u lg a r is  and  C u c u m is  s a tiv u s  a g a in s t c h i l l in g - in ju r y  
oa t 5 C , 85 p e r  ce n t R H , I t  is  o f p a r t ic u la r  in te r e s t  th a t  the  
le a v e s  o f so m e  c h i l l - s e n s i t iv e  s p e c ie s  do not h a rd e n  w ith  th e  s a m e  
f a c i l i t y  as th e  above  s p e c ie s . E p is c ia  re p ta n s  fa i ls  to  h a rd e n  a t  
12 ° C  o v e r  a 4 - d a y  p e r io d  and  is  s e v e r e ly  in ju r e d  w h e n  e xp o s ed  
to  th is  te m p e r a tu r e  fo r  48  h o u rs . F u r t h e r m o r e ,  h a rd e n in g  o f  
th is  s p e c ie s  a t 1 5 °C  o v e r  4  d a y s  p ro v id e s  no p r o te c t io n  a g a in s t  
c h il l in g  a t 8 ° C .  S p e c ie s  o f th is  ty p e  m a y  r e q u ir e  s e v e r a l  m o n th s  
a t th e  h a rd e n in g  te m p e r a tu r e  to  a f fo rd  p ro te c t io n  a g a in s t  c h i l l in g -  
in ju r y .  P la n ts  o f E p is c ia  re p ta n s  h ad  to  be k e p t in  a co o l g re e n h o u s e  
( 1 5 - 2 0 ° C )  fo r  3 m o n th s  in  o r d e r  to  be a b le  to  w ith s ta n d  c h i l l in g  a t  
1 2 °C  fo r  4 d a y s . In  c o n tra s t ,  th e  m a jo r i t y  o f f r u i t s  and  v e g e ta b le s  
can n o t be r e a d i ly  h a rd e n e d  e v e n  b y  p ro lo n g e d  p e r io d s  o f 
a c c l im a t iz a t io n  p o s s ib ly  b e c a u s e  th e y  a r e  m a tu re  o rg a n s  and  
u n a b le  to  re s p o n d  w ith  th e  s a m e  p la s t ic i t y  as th e  g ro w in g  le a f .  
A tte m p ts  a t h a rd e n in g  s w e e t p o ta to e s  h a v e  n o t b e e n  s u c c e s s fu l in  
re d u c in g  c h i l l in g - in ju r y  (W h e a to n  and M o r r i s ,  1967 ) and h a rd e n in g  
o f c u c u m b e rs  and b a n a n a s  w as  o n ly  e f fe c t iv e  a g a in s t  s lig h t  c h i l l in g  
(A p e la n d , 1966; P a n ta s t ic o , G r ie r s o n  and S o u le , 1 9 6 7 ). T h u s ,a n y  
e x tra p o la t io n  o f o b s e rv a t io n s  on m ito c h o n d r ia  o f f r u i t s  and v e g e ta b le s  
to  a c c o u n t f o r  e ith e r  th e  m e c h a n is m s  o f d a m a g e  o r  re s is ta n c e  to  
lo w  te m p e r a tu r e s  b y  w h o le  p la n ts  n e g le c ts  th r e e  e s s e n t ia l  f a c t s : -
1) in  th e  le a f  c h i l l in g - in ju r y  o c c u rs  a t a m u ch  f a s t e r  r a te  th a n  
in  f r u i t s ;
2) in  th e  le a f  th e  f i r s t  d e t r im e n t a l  changes m a y  o c c u r  in  the  
p la s m a l le m a  and c h lo ro p la s ts  r a t h e r  th a n  th e  m ito c h o n d r ia ;
- ,
4.
3) le a v e s  d i f f e r  f r o m  f r u i t s  in  th a t th e y  can  be h a rd e n e d  to
w ith s ta n d  lo w  t e m p e r a tu r e s .
T h e r e fo r e  in  s tu d y in g  the  r o le  o f u n s a tu ra te d  f a t ty -a c id s  in  th e  
a c c l im a t iz a t io n  o f p la n ts  to  lo w  te ra p e r a tu r e s  i t  is  e s s e n t ia l  to  ^
c o n s tru c t e x p e r im e n ts  w h ic h  e x a m in e  the  changes th a t ta k e  
p la c e  in  th e  le a f  m e m b ra n e s  d u r in g  h a rd e n in g  and c o m p a re  (
th e s e  changes w ith  th e  e ffe c ts  p ro d u c e d  in  p la n ts  in  w h ic h  no 
h a rd e n in g  is  a c h ie v e d . O n ly  in  th is  w a y  is  i t  p o s s ib le  to  d e te r m in e  
i f  th e  ch an g es  in  u n s a tu ra t io n  in  th o s e  s p e c ie s  w h ic h  h a rd e n  a r e  
r e la te d  to  th e  r e q u ir e m e n t  fo r  a s p e c if ic  p h y s ic a l s ta te  o f the  
l ip id  la y e r  o f c e l l  m e m b ra n e s  o r  w h e th e r  the  ch an g es  a r e  s im p ly  
th e  in d ir e c t  r e s u lt  o f te m p e r a tu r e  on th e  b io s y n th e t ic  m e c h a n is m ,  
u n a s s o c ia te d  w ith  th e  d e v e lo p m e n t o f c h i l l - r e  s is  ta n c e .
L ip id  S tu d ie s
T h e  t e r m  ’l i p id ’ is  o fte n  u sed  to  d en o te  a w id e  v a r ie t y  o f 
n a tu r a l  p ro d u c ts  in c lu d in g  f a t t y - a c id s ,  s te ro id s , te rp e n e s , and  
c a ro te n o id s , w h ic h  h a v e  in  c o m m o n  a re a d y  s o lu b i l i t y  in  o rg a n ic  
s o lv e n ts 's u c h  as e th e r ,  h e x a n e , b e n z e n e , c h lo r o fo r m  o r  m e th a n o l.
H o w e v e r ,  a m o re  s p e c if ic  t e r m  is  to  be p r e f e r r e d  and in  th is  
th e s is  the t e r m  ’l i p i d ’ is  r e s t r ic t e d  to  fa t ty -a c id s  and t h e i r  
d e r iv a t iv e s  o r  m e ta b o li te s ,  A  c la s s if ic a t io n  o f le a f  l ip id s  in to  
e ith e r  n e u t r a l  o r  p o la r  l ip id s  is  show n in  T a b le  3 .
.R e s e a rc h  on th e  p h y s ic a l p r o p e r t ie s  o f  the m e m b ra n e s  o f c h i l l -  
s e n s it iv e  p la n ts  and h o m e o th e rm ic  a n im a ls  a t c h i l l in g  te m p e r a tu r e s  
b y  s p in  la b e l l in g  has show n th a t a p h as e  change o c c u rs  in  the l ip id  
la y e r  o f th e  m e m b ra n e s  f r o m  a l iq u id - c r y s t a l l in e  to  a s o lid  g e l
' ■■ _ '.
s ta te  (R a is o n , 1 9 7 3 ). T h e  tw o  m o s t im p o r ta n t  e f fe c ts  o f a p h a se  change  
in  th e  m e m b ra n e  l ip id s  o f th e  le a v e s  o f c h i l l - s e n s i t iv e  s p e c ie s  on 
c h il l in g  a r e  an  in c r e a s e  in  m e m b ra n e  p e r m e a b i l i t y  and an in c r e a s e  in
o f m e m b ra n e  bound e n z y m e s . In c re a s e d  m e m b ra n e  p e r m e a b i l i t y  
m a y  o c c u r  on c h i l l in g  due to  th e  s o l id if ic a t io n  o f th e  m e m b ra n e  lip id s  
and  t h e i r  c o n tra c t io n , thus c a u s in g  ’ c r a c k s ' o r  'h o le s ’ to  a p p e a r  in  
th e  m e m b ra n e . B e lo w  4 ^ C  th e s e  c ra c k s  m a y  be a c c e n tu a te d  b y  th e  
e x p a n s io n  o f w a te r .  In  a d d it io n . T ro u b le  and H a y n e s  (1 9 7 1 ) h a ve  
s u g g e s te d , f r o m  s tu d ie s  o f a r t i f i c i a l  l ip id - w a t e r  s y s te m s , th a t  in c re a s e d  
m e m b ra n e  p e r m e a b i l i t y  a c c o m p a n ie s  th e  p h a s e  t r a n s it io n  due t o : -
a ) A  d e c re a s e  in  m e m b ra n e  th ic k n e s s .
b ) C h anges  in  th e  s t r u c tu r e  o f th e  h y d ro c a rb o n  ch a in s  w h ic h  
a r e  im p o r ta n t  fo r  d if fu s io n  a c ro s s  th e  m e m b ra n e .
c) C h an g es  in  th e  a r r a n g e m e n t  o f th e  p o la r  h e a d  g ro u p s  
w h ic h  a r e  im p o r ta n t  fo r  th e  p ro c e s s  o f e n t r y  o f the  
p e rm e a n ts  in to  th e  m e m b ra n e .
#1
A n  in c re a s e  in  th e  p e r m e a b i l i t y  o f the  p la s m a l le m a  and to n o p la s t m a y  
le a d  to  th e  d e a th  o f th e  le a f  b y  d e h y d ra t io n  and an  in c re a s e  in  E ^  o f  
e n z y m e s  m a y  le a d  to  in ju r y  b y  p ro d u c in g  m e ta b o lic  im b a la n c e s . H o w e v e r ,  
i f  no d e g e n e ra t iv e  in ju r y  o c c u rs  d u r in g  c h i l l in g ,  th e  p h as e  change is  
c o m p le te ly  and  in s ta n ta n e o u s ly  r e v e r s ib le  on r e t u r n  o f th e  p la n ts  to  th e  
w a r m th . S im i la r  changes  a r e  n o t found in  p o ik i lo th e r m ic  a n im a ls  and  
c h i l l - r e s is t a n t  p la n ts ,  o rg a n is m s  w h ic h  can  fu n c tio n  dow n to  o r  b e lo w  
O^C. T h e  m a jo r  fa c to r s  w h ic h  a r e  th o u g h t to  d e te r m in e  the te m p e r a tu r e  
o f th e  p h a se  change a r e  show n in  T a b le  1. T h e  d e g re e  o f u n s a tu ra t io n  
o f th e  f a t t y -a c id s  is  th e  m o s t im p o r ta n t  o f th e s e  fa c to r s ,  as show n b y  the  
in c r e a s e  in  u n s a tu ra t io n  o f th e  fa t ty -a c id s  d u r in g  a c c l im a t iz a t io n  o f
... ..y 1
6 . %
T a b le  1. A n  o u tlin e  o f th e  fa c to rs  w h ic h  m a y  d e te r m in e  the
t e m p e r a tu r e  a t w h ic h  th e  p h a se  change o c c u rs  in  l iv in g  m e m b ra n e s
F a c to r s R e fe re n c e s
1) T h e  d e g re e  o f u n s a tu ra t io n  o f th e  fa t t y - a c id s .  
T h e  h ig h e r  th e  d e g re e  o f u n s a tu ra t io n  the  
lo w e r  th e  te m p e r a tu r e  a t w h ic h  the  p h as e  
change o c c u rs .
L y o n s  and A s m u n d s o n , 
1965 .
2) T h e  le n g th  o f th e  f a t t y - a c id  c h a in . In  
g e n e ra l th e  s h o r te r  th e  f a t t y - a c id  c h a in  
th e  lo w e r  the t r a n s i t io n  te m p e r a tu r e .
L a d b ro o k e  and  i
C h a p m a n , 1 9 6 9 . '
1
3) T h e  c o n f ig u ra t io n  o f th e  f a t t y - a c id s .
T h e  t r a n s it io n  te m p e r a tu r e  o f th e  c is  f a t t y -  
a c id s  is  lo w e r  th a n  t r a n s  fa t t y - a c id s .
G u n s to n e , 1 9 6 7 . |
!
1
4 ) T h e  in c lu s io n  o f c h o le s te r o l  o r  o th e r
’ c r y o p r o te c t iv e ' ag e n ts  in  th e  m e m b ra n e s .  
A n  in c re a s e  in  th e  le v e l  o f c h o le s te ro l  
lo w e rs  th e  t r a n s it io n  te m p e r a tu r e .
I
S te im , T o u r t e l lo t t e ,  
R e in e r t ,  M c E lh a n e y  ■ , 
and R a d e r , 1 9 6 9 . • 1
(
5) T h e  v a r ia t io n  in  th e  a m o u n t o f  a 
p a r t ic u la r  l ip id  co m p o n e n t in  th e  
m e m b ra n e .
6 ) T h e  v a r ia t io n  o f  the  p H  in  th e  re g io n  o f 
th e  m e m b ra n e . T h e  lo w e r  th e  p H , the  
lo w e r  th e  t r a n s it io n  t e m p e r a t u r e .
T r a u b le ,  1 9 7 2 .
7) T h e  w a te r  c o n te n t o f th e  lip id . A n , 
in c re a s e  in  h y d r a t io n  lo w e r s  th e  
t e m p e r a tu r e  o f th e  p h a s e  ch an g e .
L a d b ro o k e  and  
C h a p m a n , 1 9 6 9 .
T a b le  1. C o n t in u e d . . .
7.
F a c to r s R e fe re n c e s
8) In te r a c t io n  b e tw e e n  d i f f e r e n t  p h o s p h o lip id s . 
M ix in g  o f p h o s p h o lip id s  m a y  lo w e r  the  
t e m p e r a tu r e  o f the  p h a s e  change b e lo w  
th a t o f a n y  o f th e  c o m p o n e n t l ip id s  o f the  
m ix tu r e  -  as in d ic a te d  b y  th e  in c re a s e d  
p e r m e a b i l i t y  o f th e  l ip id  m ix t u r e .
9 ) T h e  in te r a c t io n  o f s t r u c t u r a l  p ro te in s  and  
l ip id s  m a y  a f fe c t  th e  f lu id i t y  o f th e  l ip id  
h y d ro c a rb o n  c h a in s .
10) V a r io u s  m in o r  fa c to r s  such  as th e  dou b le  
bond p o s it io n  in  u n s a tu ra te d  f a t t y - a c id s .
D e  G ie r ,  M a n d e r s lo o t  
and V a n  D e e n e n , 1 9 6 8 .
C h a p m a n , K a m a t ,
D e  G ie r  and P e n k e tt ,  
1968.
G u n s to n e , 1 9 6 7 .
: / ]
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| / - ' -  '■ ^ V" !  • ' ■' " - ,■7' ; ‘ ■! - . _ ■ -,p la n ts  as w e l l  as p o ik i lo t h e r m ic  and h o m é o th e rm ie  a n im a is  to lo w
: f  ■; ■ , ' ■ , ■ ■ ' — -
/  te m p e r a tu r e s  (T a b le  2 ). I t  is  th o u g h t th a t  an  in c re a s e  in  u n s a tu ra t io n
d u r in g  h a rd e n in g  m a y  p re v e n t  c h i l l in g - in ju r y  in  p la n ts  b y  lo w e r in g  th e  
te m p e r a tu r e  a t w h ic h  th e  p h as e  change o c c u rs  in  th e  l ip id  la y e r  o f 
the  c e l lu la r  m e m b ra n e s .
M o s t  in v e s t ig a t io n s  on th e  ch an g es  in  f a t t y - a c id  c o m p o s it io n
8.
'Wd u r in g  h a rd e n in g  to  s u b -z e r o  te m p e r a tu r e s  h a v e  b e e n  m a d e  on
'
n o n -p h o to  s y n th e tic  t is s u e s  (T a b le  2 ) and no in v e s t ig a t io n s  h av e  
b e e n  m a d e  on th e  f a t t y - a c id  c o m p o s it io n  o f le a f  m e m b ra n e s  in  
r e la t io n  to  h a rd e n in g  a g a in s t c h i l l in g - in ju r y .  A n a ly s e s  o f n o n -  
p h o to s y n th e tic  t is s u e s  such  a s -r o o ts ,  b a r k  c e lls  and  w h e a t u.
s e e d lin g s  (g e rm in a te d  in  th e  d a rk )  d u r in g  h a rd e n in g  to  w ith s ta n d  %
f r e e z in g  te m p e r a tu r e s  h a v e  show n e ith e r  an  in c r e a s e  in  the
. . "■'"''’/sid e g re e  of u n s a tu ra t io n  o f th e  f a t t y - a c id s ,  an  in c r e a s e  in  to ta l
w e ig h t o f f a t t y - a c id  o r  an  in c r e a s e  in  w e ig h t o f p h o s p h o lip id  'ÿ
( G e r lo f f ,  R ic h a rd s o n  and S ta h m a n n , 1966; S im in o v itc h , R h e a u m e ,; . y]
P o m e r o y  and L e p a g e , 1 968 ; and D e  L a  R o c h e , A n d re w s , P o m e r o y ,  "i
W e in b e r g e r ,  and K a te s , 1 9 7 2 ). In  r e la t io n  to  th e  h a rd e n in g  o f ]
i-i'j
p la n t le a v e s  K u ip e r  (1 9 7 0 ) found  th a t th e  w e ig h ts  o f M G D G ,
/  D G D G , P C , and  P E  in c re a s e d  in  a l fa l fa  le a v e s  g ro w n  a t IS '^C
in  c o m p a r is o n  to  le a v e s  a t  3 0 ° C  bu t th a t  d if fe r e n c e s  in  th e  f a t t y -  . T
- 4; a c id  c o m p o s it io n  o f th e  l ip id s  w e r e  n e g lig ib le .  H o w e v e r ,  K u ip e r
does  not s ta te  w h e th e r  th e  p la n ts  g ro w n  a t th e  lo w e r  t e m p e r a tu r e  ^
w e r e  m o re  c h i l l  o r  f r o s t - r e s is t a n t .  S in ce  15^C  is  a h ig h
/  ' ■ . y
te m p e r a tu r e  fo r  h a rd e n in g  a g a in s t f r o s t - i n ju r y  i t  is  th o u g h t th a t
■ . '^0 
/  th e  in c re a s e d  le v e ls  o f th e  ab o ve  l ip id s  a t th is  te m p e r a tu r e  m a y
^  '
?■:. ■■ . . .  ' N\
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be c o r r e la te d  w ith  in c re a s e d  re s is ta n c e  o f th e s e  p la n ts  to  
c h il l in g  te m p e r a tu r e s ,  a lth o u g h  R o d n io v , N y u p p ie v a  and  
Z a k h a ro v a  (1 9 7 3 ) d e te c te d  s lig h t  in c re a s e s  in  th e  w e ig h ts  o f  
P C  and P G  d u r in g  th e  h a rd e n in g  o f p o ta to  le a v e s  a g a in s t  f r e e z in g -  
in ju r y  by  g ro w in g  th e m  fo r  3 - 4  d a y s  a t 0 - 2 ° C .  U n fo r tu n a te ly  th e  
l a t t e r  a u th o rs  d id  n o t a n a ly s e  th e  f a t t y - a c id  c o m p o s it io n  o f the  
l ip id s .  In  c o n tra s t ,  a l l  th a t  is  kn o w n  ab o u t th e  changes in  the  
f a t t y - a c id  c o m p o s it io n  o f c h i l l - s e n s i t iv e  le a v e s  in  r e la t io n  to  
h a rd e n in g  is  th a t  th e  w e ig h t o f l ip id  s o lu b le  p h o s p h o ro u s  d e c re a s e d  
on h a rd e n in g  G o s s y p iu m  h ir s u tu m  to w ith s ta n d  c h i l l in g  a t 5 ° C  
(G u in n , 1 9 7 1 ).
A  m a jo r  p ro b le m  in  th e  e lu c id a t io n  o f the  fa c to r s  w h ic h  c o n tro l  
th e  te m p e r a tu r e  a t w h ic h  the p h a s e  change ta k e s  p la c e  is  th a t  th e
\
p r e c is e  n a tu re  and l ip id  c o m p o s it io n  o f p la n t  m e m b ra n e s  is  no t 
kn o w n  due to  p ro b le m s  o f is o la t io n  and p u r i f ic a t io n .  O n ly  r e c e n t ly  
h as  a th o ro u g h  s tu d y  o f the  l ip id  and fa t ty - .a c id  c o m p o s it io n  o f p u re  
p la n t  m ito c h o n d r ia  b e e n  p o s s ib le  (S c h w e r tn e r  and  B ia le ,  1 9 7 3 ).
T a b le  3 c o m p a re s  th e  l ip id  c o m p o s it io n  o f p la n t  m ito c h o n d r ia ,  
c h lo ro p la s t  and le a f  p r e p a r a t io n s  w ith  th a t o f b o v in e  h e a r t
m ito c h o n d r ia .  In  g e n e r a l,  p la n t  m e m b ra n e s  d i f f e r  f r o m  a n im a l
■ \
m e m b ra n e s  in  h a v in g  lo w e r  a m o u n ts  o f p h o s p h o lip id s  and la r g e r  
a m o u n ts  o f n e u t r a l  and g ly c o lip id s . F o r  e x a m p le , p h o s p h o lip id s  
c o n s titu te  o v e r  94  p e r  c en t o f th e  to ta l  l ip id s  o f b o v in e  h e a r t  
m ito c h o n d r ia  in  c o m p a r is o n  to  o n ly  54 p e r  c e n t in  p la n t  m ito c h o n d r ia  
and 10 p e r  cen t in  c h lo r o p la s ts .  In  p la n t m ito c h o n d r ia  a s ig n if ic a n t  
n e u t r a l  and g ly c o l ip  id  f r a c t io n  is  p re s e n t  and in  c h lo ro p la s ts
ia'ü<ü
g§
P .
oo<üg
rO
Q)
2o
CQ
'o
, §
CQ
O
A
2o(J
:2
A
0>
wI
(D
ü
H(Dft
O
co
<D
CO
Q)1
(0
3â
m
O• ,g
d
U
(0
(0
ü
co
<yf—4
d
H
d2g
Ig
gS
d
.§
<
l l |!
lit> o 
H
3 .f t
>A
co
rd  d  co 
ü  w  d  dII-!f t  f t  d O
o 3
u
^  d  ^  h  
^  U  d  13
■pl"2 pq -2 d 3  o 
ü  2
4-» d
11<u /d
o •'^m 2
rH o co N
O rH m . rH
\0 Th N CO O ' m
r-t N rH r - oN ro rH co
O N co XO g O O o o o N
■ 2
4->
co O rH O
rH
o
co
en
rH
en o
en
00
N
CO rH vft N N O N r^ co CNJ O '
h-
rH
r4
N
in rH N CO N
m
N N rH vû 00rH
c - o rH O ' dÜ t'-
d
u
d
U
d
U
co in (O ' * d du
d  ■
>4
d
U xOco co rH 4-1 O ' 4-1 4-1 4-1
co13•H
.2 ^hHu
dr-4
Om
co
:2
.2 ^T*~l
O
rd
f t ico
O
rd
da
0•s
14-)
d
rdf ten
OS
d.22
d
"o
d
d"S(UI4-1d
rdf ten
O
rd
fie
04->•Hen 131  s
rH ü
13 13
OU 
0) 
u
bO
a
u
do
>>
d
rd
d
rd
f t  f t  en en
O
rd
O
rd
bO
îIen
O
rd
3d'âen
O
rd
.2 ^fie Pk k  o
d.2
M
d
enI
4-»
d
rd
O&
d
:2u
d
o
d
:2
d
CO3
.2^rH
o
rdf ten en
O
jd
3'ft• HrH
rH 0
d ü4-1
o rH
H Ü
bO u  - ^
Sen
O4->
ü
d
13
%en
O
bo d 
O "-ÇII
3
rH
O
rd
r2 ^
w
en
3
.2 ^1—4
ooG
rHd
bo
*
co
13*H; !
"d
fH
dd
IS
d4->
O O
H ' H
en3.
t ;
d
4-45
d 
d  ■
1
d
con
S1
K î
bo
I , ,  • H 
N  
4-»
I
01
cou
Ben
d
rH .
O
N
d
O
N
d
CO
dI
d
d
en3ft3
d
d
:z
-M
+J m
+ j
+-*
•O
<D
4-»
o CO4->
o
m
m
4->
4-»
4-»
m
nd0  Td1
•S
tnI
oFÎ
O
h
(d
CO
N0)4-»CO(D
'oU<S)
I
mO
'â• HCD
<U
g /
bO
m
01O
(Ü
&I
3
Id
?
<uÜ
$o
(da• ri4-)(0
0)
I
. s
N
r -
O '
J4
4)I
1
(0
• r tsaI
(Ufj- CO 
CO
I
A
.S
CO10  
A1
o
(U
CO
(i>M
4-»CO
Cd
4>
m
o
mcd
4)u
CD
rCj
0
<u
'&
CO
CD
3
Id>
rS
cd
o
CD
o.u
CD44CO
4)r-4o■s
u
CD
&
CD
o"M44O
(d
:3
a
Id
M44
0CD
Ü
CD
'44o
CD44
Cd
a s in g le  s p e c ie s  and  o m it  th e  ch an g es  w h ic h  m ig h t o c c u r  in  c o ld -  
to le r a n t  o rg a n is m s  a t th e  s a m e  te m p e r a tu r e  o r  w h en  the o rg a n is m
r / :  . . ' '  ^ -
' ' - ' - ' 
g ly c o l ip  ids c o n s titu te  a p p r o x im a te ly  50 p e r  c e n t o f th e  to ta l  
l ip id s .  S in c e  i t  is  n o t p o s s ib le  to  o b ta in  p u re  m ito c h o n d r ia l
V p r e p a r a t io n s  f r o m  g re e n  le a f  t is s u e  due to  c o n ta m in a tio n  byM  :
.. c h lo ro p la s t  f r a g m e n ts  m o s t r e s e a r c h  on c h i l l in g - s e n s i t iv i t y  in
1%', p la n ts  h as  b e e n  p e r fo r m e d  on e ith e r  ro o ts , s to ra g e  o rg a n s ,
h y p o c o ty ls  o r  f r u i t s .  T h e r e fo r e , th e  e ffe c ts  o f c h i l l in g  on th e  l ip id s
V \  ' o f  le a f  m e m b ra n e s  h a v e  r e c e iv e d  le s s  a t te n t io n , a lth o u g h  the m o s t
y -  - .
s t r ik in g  v is u a l  e ffe c ts  and p e rh a p s  th e  m o s t im p o r ta n t  e c o lo g ic a l
Æ e ffe c ts  ( in  te r m s  o f ra n g e  o f s u r v iv a l  o f s p e c ie s ) , o c c u rs  w h en  th e
; le a f  is  exp o sed  to  c h i l l in g  te m p e r a tu r e s .  H o w e v e r ,  th e  p ro b le m s
V ' o f  m e m b ra n e  is o la t io n  f r o m  le a f  t is s u e  a r e  n o t as g re a t  as is
. .
s o m e tim e s  s u g g e s te d  w h e n  i t  is  re m e m b e r e d  th a t th e  m a jo r i t y  ^
o f C e llu la r  l ip id s  and t h e i r  a s s o c ia te d  fa t ty -a c id s  a r e  m e m b ra n e  
i'T.: bound , w ith  the e x c e p tio n  o f th e  seed  o ils  and th e  w a x y  c u t ic le s
o f le a v e s  (K a te s , 1 9 7 0 ). L e a f  a n a ly s e s  (p re s e n t  a u th o r )  h a v e  
|; • show n th a t o v e r  60 p e r  c e n t o f th e  to ta l  le a f  f a t t y - a c id  is
a s s o c ia te d  w ith  th e  p o la r  l ip id s  (T a b le  3 ), w h ic h  a r e  c o n s id e re d  
to  be found a lm o s t  e x c lu s iv e ly  w ith in  th e  m e m b ra n e s .
In v e s t ig a t io n s  on th e  ch an g es  in  l ip id  and f a t t y - a c id  c o m p o s it io n  
d u r in g  the  a c c l im a t iz a t io n  o f p la n ts  and a n im a ls  to  lo w  te m p e r a tu r e s  
h a v e  show n in c re a s e s  in  th e  d e g re e  o f u n s a tu ra t io n  o f e i th e r  th e  
to ta l  f a t t y - a c id  o f th e  t is s u e  a n a ly s e d , o r  an  in c re a s e , in  u n s a tu ra t io n  
o f  th e  p h o s p h o lip id s  (T a b le  2 ). H o w e v e r ,  th e  m a jo r i t y  o f th e s e
! 1
s tu d ie s  o n ly  fo l lo w  th e  chan ges  in  th e  fa t t y - a c id  c o m p o s it io n  o f 1
-.1
is  c h i l l -d a m a g e d . B e c a u s e  le a f  m e m b ra n e s  c o n ta in  le s s  p h o s p h o lip id
and m o re  n e u t r a l  and g ly  c o lip id  th a n  a n im a l m e m b ra n e s  i t  w as  n o t c le a r  h
. • '  ■ V :
15.
w h e th e r  th e  te m p e r a tu r e  a t  w h ic h  th e  p h ase  change o c c u r re d  in  
c h i l l - s e n s i t iv e  p la n ts  w a s  d e te r m in e d  b y  the  o v e r a l l  d e g re e  o f  
u n s a tu ra t io n  o f th e  l ip id  m a t r ix  o r  s p e c if ic  l ip id  c o m p o n e n ts . 
T h e r e f o r e , i t  w a s  d e c id e d  to  in v e s t ig a te  th e  ch an g es  in  th e  d e g re e  
o f u n s a tu ra t io n  and  w e ig h t  o f th e  to ta l  le a f  f a t ty -a c id s  and p o la r  
l ip id s  on h a rd e n in g  and c h i l l in g  s e v e r a l  c h i l l - s e n s i t iv e  s p e c ie s . 
T h e s e  ch an g es  w e r e  c o m p a re d  to  th o se  w h ic h  o c c u r r e d  in  c h i l l -  
r e s is ta n t  s p e c ie s  a t th e  s a m e  te m p e r a tu r e s  and th o s e  c h i l l -  
s e n s it iv e  s p e c ie s  in  w h ic h  h a rd e n in g  w as not e f fe c t iv e .  A s  a 
f u r t h e r  c o n tro l a c o m p a r is o n  w a s  a ls o  m a d e  o f th e  changes in  
w e ig h t and fa t t y - a c id  c o m p o s it io n  o f th e  p o la r  l ip id s  o f c h i l l -  
s e n s it iv e  and r e s is ta n t  p la n ts  w ith  in c re a s e  in  p h y s io lo g ic a l  
a te  a t  2 5 ° C  and th is  w a s  e x a m in e d  in  r e la t io n  to  th e  in c re a s e d  
s u s c e p t ib i l i ty  o f o ld e r  le a v e s  to  c h i l l in g - in ju r y .
P r e l im in a r y  in v e s t ig a t io n s  s tu d ie d  th e  m e ta b o lic  co n seq u en ces  
o f th e  p h as e  change in  th e  l ip id  la y e r  o f th e  m ito c h o n d r ia l  
m e m b ra n e s  o f c h i l l - s e n s i t iv e  p la n ts  d u r in g  c h i l l in g .
T h is  s tu d y  h as  t r i e d  to  fin d  a n s w e rs  to  the  fo llo w in g  q u e s tio n s  : -
1) Is  c h i l l in g - in ju r y  in  le a v e s  c a u s ed  m a in ly  b y  d e h y d ra t io n  o r  
m e ta b o lic  im b a la n c e s  as a r e s u l t  o f th e  p h a s e  change in  th e  
l ip id  la y e r  o f th e  c e l lu la r  m e m b ra n e s ?
2) A r e  th e  m e m b ra n e  f a t t y - a c id s  o f c h i l l - r e s is t a n t  p la n ts  g ro w n  
a t  2 5 ° C  m o re  u n s a tu ra te d  th a n  c h i l l - s e n s i t iv e  p la n ts  g ro w n  a t(
2 5 °C ?
a
s im i la r  changes  o c c u r  in  c h i l l - s e n s i t iv e  p la n ts  in  w h ic h  th e  
h a rd e n in g  t r e a tm e n t  is  in e f fe c t iv e  and in  c h i l l - r e s is la n t  p la n ts  
g ro w n  a t th e  s a m e  te m p e r a tu r e s ?
5) H o w  do the ch an g es  in  th e  f a t t y - a c id  c o m p o s it io n  o f th e  m e m b ra n e s  
o f c h i l l - s e n s i t iv e  s p e c ie s  d u r in g  h a rd e n in g  p re v e n t  c h i l l in g - in ju r y ?
on c h i l l in g  c h i l l - s e n s i t iv e  s p e c ie s  a f fe c t  th e  r e v e r s ib i l i t y  o f the  p h a s e  
c h an g e?
7) Is  th e  g r e a te r  s u s c e p t ib i l i ty  o f o ld e r  le a v e s  to  c h i l l in g - in ju r y  
r e la te d  to ch an g es  in  th e  f a t t y - a c id  c o m p o s it io n  o f th e  m e m b ra n e s  
o f c h i l l - s e n s i t iv e  p la n ts  w ith  in c re a s e  in  ag e?
8) D o  m e m b ra n e  H p id s  p ro v id e  a g e n e ra l m a t r ix ,  th e  p h a s e  change
o f w h ic h  is  la r g e ly  d e te r m in e d  b y  its  o v e r a l l  f a t t y - a c id  c o m p o s it io n ?
9) A r e  the  ch an g es  in  th e  l ip id  an d  fa t t y - a c id  c o m p o s it io n  o f c h i l l -  
s e n s it iv e  s p e c ie s  d u r in g  h a rd e n in g  to  c h il l in g  te m p e r a tu r e s  
s im i la r  to  th o s e  on h a rd e n in g  c h i l l - r e s is t a n t  s p e c ie s  to  s u b -
3) T o  w h a t e x te n t is  it  p o s s ib le  to  h a rd e n  c h i l l - s e n s i t iv e  p la n ts  
a g a in s t c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  cen t R H ?
4) D o e s  the d e g re e  of u n s a tu ra t io n  and  w e ig h t o f m e m b ra n e  l ip id s  
o f c h i l l - s e n s i t iv e  s p e c ie s  in c r e a s e  on h a rd e n in g  o v e r  4  d ays  a t 
12 ^ C ?  D o  th e s e  ch an g es  o c c u r  in  a l l  m e m b ra n e  l ip id s ?  D o  A ll
■' I
36) H o w  do changes in  the  d e g re e  o f u n s a tu ra t io n  and w e ig h t o f l ip id s  ^
1
i  / 1
1
I
:
■<•'1
z e r o  te m p e r a tu r e s ?
-
L , 1. I
^
10) D o e s  a p h a s e  change in  th e  m e m b ra n e  l ip id s  o c c u r  a t s u b -z e r o  
j t e m p e r a tu r e s  in  c h i l l - r e s is t a n t  s p e c ie s  and  thus  h a s te n  the  
sp ee d  a t  w h ic h  f r e e z in g - in ju r y  o c c u rs ?
f ' . '■■ ' ■ - « •  ■ :? .'-  , , . .  ’  ;  >,. '■"• ■' - ■•  ■•-■ '. ' • ■ ' . ' "  ' . ' f  :'- . .  -'■•• ’ ■ •;• • ,/■ '  '■ ' •■ ' X P i '  - l i ^ s i s-  - '1 ' "' ' '. ' ! '  - . ' ' ' " /  ' .
C H A P T E R  O N E
T H E  P L A N T  M A T E R IA L S
1. S U S C E P T IB IL IT Y  T O  C H IL L IN G - IN J U R Y
C h i l l - s e n s i t iv i t y  is  la r g e ly  c o n fin e d  to  t r o p ic a l  and  s u b - t r o p ic a l  
p la n ts , a lth o u g h  so m e te m p e r a te  p la n ts  g ro w n  a t h ig h  te m p e r a tu r e s
O "J#can  a ls o  be  s u s c e p tib le  to  te m p e r a tu r e s  in  th e  0 to  10 C ra n g e .
T h e r e f o r e ,  in  th is  c o u n try , s e e d lin g s  o f te m p e r a te  s p e c ie s  g ro w n  
in  a h o t-h o u s e  a r e  o fte n  t r a n s f e r r e d  to a co ld  f r a m e  fo r  h a rd e n in g  
b e fo re  b e in g  p la n te d  o u ts id e  in  the S p r in g  as th is  re d u c e s  s u s c e p t ib i l i ty  
to  c h i l l  and f r o s t - i n j u r y .  In  th e  p r e s e n t  s tu d y  c h i l l - s e n s i t iv e  s p e c ie s  
a r e  d e fin e d  as th o s e  p la n ts  o f t r o p ic a l  and s u b - t r o p ic a l  d is t r ib u t io n  
w h ic h , w h e n  t r a n s f e r r e d  f r o m  2 5 ^ C , 95 p e r  c e n t R H , to  5 ° C ,  8 5 p e r
a
c e n t R H , f o r  4 8  h o u rs  d e v e lo p  n e c r o t ic  le s io n s  on th e  le a v e s  d u r in g  c h i l l in g j
o r  on th e  s u b s e q u e n t r e t u r n  o f  th e  p la n ts  to  2 5 ° C , 50 p e r  c e n t R H . ,M
C o n v e rs e ly ,  c h i l l - r e s is t a n t  s p e c ie s  a r e  d e fin e d  as th o s e  p la n ts  o f  
te m p e r a te  o r  a r c t ic - a lp in e  d is t r ib u t io n  w h ic h , w h e n  t r a n s f e r r e d  f r o m  ^
2 5 ^ C , 95 p e r  c e n t R H  to  5 ° C ,  85  p e r  c en t R H  fo r  4 8  h o u rs  do n o t |
d e v e lo p  d e c r o t ic  le s io n  on th e  le a v e s  o r  on r e t u r n  to  25 C , 50 p e r  '
c en t R H . -
. - • JS u s c e p t ib i l i ty  to  c h i l l in g - in ju r y  depends on th e  fo llo w in g  f a c t o r s : -
" ! !1) T h e  d e g re e  o f to le r a n c e  o f th e  s p e c ie s , i . e .  th e  e x te n t to  w h ic h  |
th e  s p e c ie s  can  w ith s ta n d  th e  m e ta b o lic  ch an g es  on c h i l l in g  |
w ith o u t p ro d u c in g  a n y  v is ib le  in ju r y .  ,
2) T h e  te m p e r a tu r e  a t w h ic h  th e  s p e c ie s  is  c h i l le d .  Som e s p e c ie s  
e . g. E p is c ia  re p ta n s  a r e  in ju r e d  a t 1 2 ° C , w h ils t  o th e r  s p e c ie s , 
e . g. G o s s y p iu m  h ir s u tu m  a r e  n o t in ju r e d  u n t i l  th e  te m p e r a tu r e  
d ro p s  b e lo w  1 0 °C .
3) T h e  te m p e r a tu r e  o f g ro w th  p r i o r  to c h i l l in g . S om e c h i l l - s e n s i t iv e  
s p e c ie s  e . g. P h a s e o lu s  v u lg a r is  can be h a rd e n e d  to  w ith s ta n d  
c h il l in g  b y  g ro w in g  th e m  a t a te m p e r a tu r e  s l ig h t ly  above  the  
c h il l in g  ra n g e  fo r  4 d ays  b e fo re  c h il l in g . In  c o n tr a s t ,  an  
e x t r e m e ly  c h i l l - s e n s i t iv e  s p e c ie s , E p is c ia  r e p ta n s , can n o t be  
h a rd e n e d  a g a in s t  c h i l l in g - in ju r y  a t 8 ^ C , 85 p e r  c e n t R H , b y  
4 d a y s ' g ro w th  a t  15 ° C ,  95 p e r  cen t R H , b e fo re  c h il l in g ,  th e  
lo w e s t  t e m p e r a tu r e  a t  w h ic h  th is  s p e c ie s  w i l l  g ro w  w ith o u t  
in ju r y .
4 ) T h e  p h y s io lo g ic a l age o f th e  l e a f . In  g e n e ra l,  o ld e r  le a v e s  a r e  
m o re  s u s c e p tib le  to  c h i l l in g .  H o w e v e r ,  S e lls  chop and S a lm o n  
(1 9 2 8 ) found th a t th e  y o u n g e r  p a r ts  o f a n u m b e r  o f s p e c ie s  te s te d
, w e r e  m o re  s u s c e p tib le  to  c h i l l in g  th a n  the  m o re  m a tu r e  p a r t s .
T h e  d i f fe r e n t  r e s u lts  m a y  be e x p la in e d  b y  th e  fa c t  th a t  th e  p la n ts
. . u s e d  in  t h e i r  in v e s t ig a t io n  w e r e  g ro w n  in  a  w e l l  v e n t i la te d
g re e n h o u s e  b e fo re  c h i l l in g .  T h e  p re s e n t  a u th o r  h as  found  th a t  
v e n t i la t io n  d ra u g h ts  c a u s ed  o ld e r  p la n ts  to  h a rd e n  and i t  is  
th o u g h t th a t the  r e s u lts  o f S e lls  chop and S a lm o n  m a y  h a v e  b e e n  
in f lu e n c e d  b y  such  fa c to r s ,  e s p e c ia l ly  as no m e n tio n  is  m a d e  o f  
g ro w th  te m p e r a tu r e  b e fo re  c h il l in g .
5) T h e  h u m id ity  a t w h ic h  th e  p la n t  is  c h i l le d . Sachs (1 8 6 4 ) fou n d  th a t  
to b a c c o , squash  and b e a n  p la n ts  k e p t a t 2 to  4 ° C  in  g la s s  ja r s  to  
m a in ta in  h ig h  h u m id ity  s u f fe re d  no c h i l l - i n j u r y .  In  c o n tra s t ,  
M o lis c h  (1 8 9 6 , 1897 ) d e m o n s tra te d  th a t  a la r g e  v a r ie t y  o f p la n ts  
d ie d  e v e n  i f  c h i l le d  a t 100 p e r  cen t R H . In  a g re e m e n t  w ith  th e s e  
r e s u lts  th e  p r e s e n t  a u th o r  h as  found th a t le a v e s  o f P h a s e o lu s  
v u lg a r is  cou ld  be c h i l le d  a t  100 p e r  c e n t R H  (by  e n c lo s u re  in  
p o ly th e n e  b a g s ) w ith o u t in c u r r in g  in ju r y .  L e a v e s  o f th e  v e r y
4;  ^ .. ; '
20.
c h i l l - s e n s i t iv e  s p e c ie s  E p is c ia  re p ta n s  w e r e ,  h o w e v e r , s e v e re ly -  
in ju r e d  a f te r  24 h o u rs  c h i l l in g  a t 5 ° C ,  100 p e r  cen t R H , a lth o u g h  
the r a te  o f d e v e lo p m e n t o f in ju r y  w as  s lo w e r  th a n  d u r in g  c h i l l in g  
a t 5 ° C , 85 p e r  c e n t R H . T h e r e fo r e  in  som e s p e c ie s  (e . g. P h a s e o lu s  
v u lg a r is )  c h i l l in g - in ju r y  a p p e a rs  to  be m a in ly  d ep en d en t on w a te r  
lo s s  f r o m  th e  le a v e s , and in  th e  m o re  c h i l l - s e n s i t iv e  s p e c ie s  
(e . g. E p is c ia  re p ta n s )  c h i l l in g - in ju r y  is  due to  a c o m b in a tio n  o f  
w a te r  lo s s  and m e ta b o lic  im b a la n c e s . C o m p a r is o n s  o f th e  e ffe c ts  
o f h u m id ity  on the e x te n t o f c h i l l in g - in ju r y  found  b y  d i f fe r e n t  a u th o rs  
a r e  m a d e  d i f f ic u l t  b y  th e  fa c t  th a t  o th e r  fa c to rs  such  as w in d  speed  
and  tu rb u le n c e , w h ic h  a ls o  in f lu e n c e  th e  r a te  o f w a te r  lo s s , a r e  n o t 
k n o w n .
6) T h e  l ig h t  in te n s ity . L e a v e s  o f P h a s e o lu s  v u lg a r is  s u f fe r  5 t im e s  
le s s  in ju r y  w h en  c h il le d  a t 5 ^ 0  in  th e  d a rk  fo r  24  h o u rs  in  
c o m p a r is o n  to  c h i l l in g  a t 7 1 .6  W , M .  (P . 4 5 ) .
7) T h e  m in e r a l  n u t r i t io n  o f th e  p la n t . S e lls c h o p  and  S a lm o n  (1 9 2 8 )  
found th a t  p la n ts  w a te r e d  w ith  K N O ^  w e re  m o re  r e s is ta n t  to  
c h i l l in g - in ju r y .  T h is  w as  a t t r ib u te d  to  a p r o te c t iv e  e f fe c t  o f K  io n s  
on th e  p la n ts  bu t m a y  a ls o  be r e la t e d  to  the  p h y s io lo g ic a l age o f
th e  le a v e s .  B u c k w h e a t a ls o  show s in c re a s e d  re s is ta n c e  to  c h i l l in g  
w h e n  th e  p o ta s s iu m  s u p p ly  is  in c re a s e d  (K o ro v in  and  F r o lo v ,  1 9 6 8 ).
I t  is  in te r e s t in g  to  n o te  th a t  K ^  is  th e  m a jo r  io n  w h ic h  le a k s  out 
o f th e  le a f  on c h i l l in g .
8) T h e  g ro w th  c o n d itio n s  on r e t u r n  to  th e  w a r m th .  S in c e  th e  s e v e r i t y  
o f c h i l l in g - in ju r y  dep en d s  on te m p e r a tu r e ,  h u m id ity  and  l ig h t  
in te n s ity ,  i t  is  e x p e c te d  th a t  th e s e  fa c to rs  w o u ld  in f lu e n c e  the  
e x te n t o f in ju r y  w h e n  p la n ts  a r e  re tu r n e d  to  the w a r m th .  In
21
th e  fo llo w in g  e x p e r im e n ts  p la n ts  w e re  r e tu r n e d  to  2 5 ° C ,
50 p e r  cen t R H  and a l ig h t  in te n s ity  o f 14. 6 W . M ,  a f t e r  
c h il l in g .
2. T H E  P L A N T  S P E C IE S
T o  fo r m u la te  g e n e ra l m e ta b o lic  m e c h a n is m s  b y  w h ic h  p la n ts  a re  
a b le  to  w ith s ta n d  e n v iro n m e n ta l s t re s s e s  i t  is  n e c e s s a r y  to  s tu d y  a 
w id e  ra n g e  o f s p e c ie s . In  th is  in v e s t ig a t io n  21 s p e c ie s  w e re  u sed  
ra n g in g  f r o m  e x t r e m e ly  c h i l l - s e n s i t iv e  t r o p ic a l  and  s u b - t r o p ic a l  
s p e c ie s  to  c h i l l  and f r o s t - r e s is t a n t  te m p e r a te  and a r c t ic - a lp in e  p la n ts , 
T h e  c h i l l - s e n s i t iv e  p la n ts  can  be d iv id e d  in to  tw o  c a te g o r ie s  b a s e d  
on t h e i r  s u s c e p t ib i l i ty  to  c h i l l in g - in ju r y .
C h i l l - s e n s i t iv e
C a te g o ry  O n e : E x t r e m e ly  c h i l l - s e n s i t iv e  s p e c ie s  w h ic h  a r e  
r a p id ly  d a m a g e d  on e x p o s u re  to  c h il l in g  te m p e r a tu r e s  
b e tw e e n  12 and 1 5 ^ 0  and  w h ic h  cannot b e  r e a d i ly  h a rd e n e d  
a g a in s t c h i l l in g - in ju r y .  M a in ta in in g  100 p e r  c en t R H  d u r in g  
c h il l in g  a t 5 ^ C  does n o t p r e v e n t  in ju r y  to  th e s e  s p e c ie s , a lth o u g h  
th e  sp eed  a t w h ic h  in ju r y  o c c u rs  is  re d u c e d . T h e r e f o r e ,  i t  is  
s u g g ested  th a t  m e ta b o lic  im b a la n c e s  a re  the  m a in  p a th w a y  le a d in g  
to  in ju r y  to th e s e  s p e c ie s  and  th a t w a te r  lo s s  m a y  b e  o f s e c o n d a ry  
im p o r ta n c e .
E p is c ia  r e p ta n s . M a r t .  G e s n e r ia c e a e . B r a z i l ia n  o r ig in .
N a u t i lo c a ly x  ly n c h i i^ ^ . S p ra g u e . G e s n e r ia c e a e . C o lo m b ia .
a  S p e c ie s  no t te s te d  fo r  a b i l i t y  to  h a rd e n .
b S p e c ie s  not te s te d  fo r  te m p e r a tu r e  a t w h ic h  in ju r y  f i r s t  o c c u rs .
22.
A d d it io n a l s p e c ie s  w h ic h  m a y  be in c lu d e d  in  th is  c a te g o ry  
b u t w h ic h  w e r e  no t u s e d  in  th e  p re s e n t  in v e s t ig a t io n  in c lu d e : -
S p e c ie s  in ju re d  a t 12^C
S a c c h a ru m  p f f ic in a r u m ^ ^. ( F a r is ,  1 9 2 6 ),
O r y z a  s a t iv a ^*^. ( A d ir ,  1968 ; T s u n o d a , F u j im u r a ,  N a k a h a r i  and  
O y a m a d o , 1 9 6 8 ).
S p e c ie s  in  w h ic h  in ju r y  can n o t be p re v e n te d  b y  m a in ta in in g  
100 p e r  c en t R H , F r o m  28 s p e c ie s  l is te d  b y  M o lis c h  (1 8 9 7 ).  
abE p is c ia  b ic o lo r  , H o o k , G e s n e r ia c e a e .
abE ra n th e m u m  t r ic o lo r  . N ic h o ls .  A c a n th a c e a e ,
E ra n th e m u m  c o u p e r i^ ^ . H o o k , A c a n th a c e a e .
B o e h m e r ia  a rg e n te a  . L in d e n . U r t ic a c e a e .  
abI r e  s in e  a c u m in a ta  . A m a ra n th a c e a e .
abU h d e a  b ip in n a t if id a  , K u n th . C o m p o s ita e .
3.1dE ra n th e m u m  n e rv o s u m  . R , B r ,  A c a n th a c e a e ,
%
i
C a te g o ry  T w o  : C h i l l - s e n s i t iv e  s p e c ie s  w h ic h  a r e  d a m a g e d  in
th e  0 to 10 C ra n g e . T h e  m a jo r i t y  o f th e s e  s p e c ie s  can  be h a rd e n e d  
a g a in s t c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  c e n t R H , b y  4  d a y s  g ro w th  a t
1 2 ^ C , 95 p e r  c e n t R H , b e fo re  c h i l l in g .  M a in ta in in g  100 p e r  cen t  
R H  d u r in g  c h i l l in g  a t 5^ C  p re v e n ts  in ju r y  to  th e s e  s p e c ie s .
T h e r e fo r e  i t  is  s u g g e s te d  th a t  w a te r  lo s s  is  th e  m a in  p a th w a y  
le a d in g  to  in ju r y  in  th e s e  s p e c ie s  and th a t m e ta b o lic  im b a la n c e s  
, a r e  o f s e c o n d a ry  im p o r ta n c e .
1
a S p e c ie s  n o t te s te d  fo r  a b i l i t y  to  h a rd e n . , t
b S p ec ies  n o t te s te d  f o r  te m p e r a tu r e  a t w h ic h  in ju r y  f i r s t  o c c u rs .
c S p e c ie s  n o t te s te d  f o r  s u s c e p t ib i l i ty  to  c h i l l in g - in ju r y  a t 100 i
' ; !
p e r  c e n t R H . . s
A "  . ' ' " . ' \  \  ' " ' \  '" ' - \ -  23 ,
G o s s y p iu m  h i r s u t u m ^. L .  c v . W e s tb u rn  o r  ,P a r r o t .  M a lv a c e a e .
T r o p ic a l  A m e r ic a n  o r ig in ,
P h a s e o lu s  v u lg a r is . L .  c v . C a n a d ia n  W o n d e r . L e g u m in o s a e .
A m e r ic a n  o r ig in .
C u c u m is  s a t iv u s . L .  c v . T e le g r a p h . C u c u rb ita c e a e . South A s ia n  o r ig in .  
S a in tp a u lia  g r a n d i f lo r a ^. B . L .  B u r r t .  G e s n e r ia c e a e . T a n g a n y ik a . 
S y n a d e n iu m  g r a n t i i^  . H o o k . E u p h o rb ia c e a e . T a n g a n y ik a .
C o le u s  b lu m e i^ ^. B e n th ..L a b ia ta e . J a v a .
Ip o m o e a  b a ta ta s ^*". L a m . C o n v o lv u la c e a e . C u lt iv a te d  th ro u g h o u t th e
w o r ld  t r o p ic s .
Z e a  m a y s . G r a m in a e .  O r ig in  un kn o w n .
C h i l l - r e s i  s tan t
H o rd e u m  v u lg a r e . L .  c v . G o ld e n  P r o m is e .  C u lt iv a te d  th ro u g h o u t
th e  te m p e r a te  re g io n s  o f th e  w o r ld .
B e ta  v u lg a r is . L .  C h e n o p o d ia c e a e . C u lt iv a te d  in  E u ro p e .
B r a s s ic a  r a p a .  L .  C r u c i f e r a e .  C o s m o p o lita n  c u l t iv a r .
B r a s s ic a  o le r a c e a . L .  C r u c i f e r a e .  C o a s ts  o f W e s te r n  E u ro p e .  
B r a s s ic a  c a p ita ta .  L .  C r u c i f e r a e .  C o as ts  o f  W e s te r n  E u ro p e .  
S a x if ra g a  u m b ro s a . L .  S a x if ra g a c e a e . E a s t e r n  E u ro p e .
S a x if ra g a  a iz o id e s . L .  S a x if ra g a c e a e . B o r e a l  A r c t ic  re g io n s .  
L ig u s t r u m  o v a l i f o l iu m . H a s s k , O le a c e a e . J a p a n .
P e p e r o m ia  m a g n o l ia e fo l ia . A . D i e t r .  P ip e r a c e a e ,  A m e r ic a n  o r ig in .  
P r im u la  b u lle y a n a . F o r r e s t .  P r im u la c e a e .  Y u n n a n  p ro v in c e .  
C h e ira n th u s  c h e i r i .  L .  C r u c i f e r a e .  E u ro p e .
a , c -  P le a s e  r e f e r  to  p re v io u s  p a g e .
24.
3 . G R O W T H  C O N D IT IO N S
S in ce  th e  te m p e r a tu r e  o f g ro w th  b e fo re  c h i l l in g  can  in f lu e n c e  th e  
s u s c e p t ib i l i ty  o f th e  p la n ts  to  c h i l l in g ,a l l  c h i l l - s e n s i t iv e  p la n ts  w e r e
!
g ro w n  u n d e r  g re e n h o u s e  c o n d itio n s  a t a p p r o x im a te ly  25 C u n d e r  
• m is t  s p ra y . C h i l l - r e s is t a n t  p la n ts  w e re  g e n e r a l ly  g ro w n  in  a  
s l ig h t ly  c o o le r  g re e n h o u s e  ( 2 0 - 2 5 ° C )  a t a m b ie n t h u m id ity .  A l l  
th e  p la n ts  w e re  g ro w n  in  John  In n e s  p o ttin g  c o m p o s t N o . 2 and  
t r a n s f e r r e d  to  th e  g ro w th  c a b in e t a t 2 5 ° C  and a p p r o x im a te ly  95  
p e r  c e n t R H  f o r  s e v e r a l  d ay s  b e fo re  the  s ta r t  o f th e  t e m p e r a tu r e  
t r e a tm e n ts  to  a l lo w  fo r  th e  a d ju s tm e n t o f th e  p la n ts  to  g ro w th  
c a b in e t c o n d it io n s . 'W e y c o ' g ro w th  c a b in e ts  s u p p lie d  b y  F is o n s  
S c ie n t if ic  A p p a ra tu s  L td .  w e r e  u s ed  in  th e s e  in v e s t ig a t io n s .
U n le s s  o th e rw is e  staJed a l l  p la n ts  w e re  g ro w n  w ith  a 6 -h o u r  
d a r k  p e r io d  f r o m  23 00  h o u rs  to  0 5 0 0  h o u rs  on th e  fo llo w in g  d a y . 
C h il l in g  and h a rd e n in g  t r e a tm e n ts  w e re  s ta r te d  a t 1100 h o u rs .
I
C h i l l - s e n s i t iv e  p la n ts  w e r e  h a rd e n e d  a g a in s t c h i l l in g - in ju r y
a t 5 ^ C , 85 p e r  c e n t R H , b y  g ro w in g  th e m  fo r  4 d ay s  a t 1 2 °C  and
— 2a p p r o x im a te ly  95 p e r  c e n t R H  a t a l ig h t  in te n s ity  o f  7 1 .6  W , M . ** 
b e fo re  c h i l l in g .  B e c a u s e  th e  p la n ts  w il te d  r a p id ly  on t r a n s f e r  to  
1 2 ° C ,h ig h  h u m id ity  w a s  m a in ta in e d  to  re d u c e  w a te r  lo s s  and th e  
s u s c e p t ib i l i ty  o f the  p la n ts  to  c h i l l in g  -  in ju r y  due to  th e  d e s ic c a t io n  
o f th e  le a v e s . G ro w th  c a b in e ts  m a in ta in e d  a t  1 2 ° C  w e re  d e fro s te d  
e v e r y  24 h o u rs .
B e c a u s e  th e  d e g re e  o f c h i l l in g - in ju r y  depends on t e m p e r a tu r e ,  
h u m id ity  and l ig h t  in te n s ity ,  a l l  p la n ts  w e re  c h il le d  a t 5 ° C , 85 p e r
25.
- 2  . .c e n t R H  u n d e r  an  1 8 -h o u r  p h o to p e r io d  o f 7 1 .6  W . M .  T o  m a in ta in
85  p e r  c e n t R H  in  th e  g ro w th  c a b in e ts  a t 5 ° C  i t  w a s  n e c e s s a r y  to
d e fro s t  th e m  q u ic k ly  e v e r y  12 h o u rs . A f t e r  c h i l l in g  th e  p la n ts
w e r e  re tu rn e d  to  2 5 ^ C  and  a p p r o x im a te ly  50 p e r  c e n t R H  a t a
-  2l ig h t  in te n s ity  o f 14 . 6 W . M .  ** U n fo r tu n a te ly  th e  p la n ts  co u ld
- 2n o t b e  re tu rn e d  to  a l ig h t  in te n s ity  o f 7 1 .6  W , M ,  " due to  th e  
d i f fe r e n t  l ig h t in g  c o n d itio n s  in  th e  g ro w th  c a b in e ts  a v a ila b le  fo r  
th is  in v e s t ig a t io n .
F u r t h e r  d e ta ils  o f  th e  s p e c ie s  u s e d , t h e ir  p h y s io lo g ic a l age and  
g ro w th  c o n d itio n s  a r e  g iv e n  a t th e  b e g in n in g  o f e a c h  c h a p te r .
T a b le  4 s u m m a r iz e s  th e  te m p e r a tu r e  and h u m id ity  t r e a tm e n ts  
u s e d  inT th is  in v e s t ig a t io n ,
4 . S Y M P T O M S  O F  C H IL L IN G - IN J U R Y
T h e  s y m p to m s  o f c h i l l in g - in ju r y  in  le a v e s  a r e  o fte n  v is ib le  
a f t e r  o n ly  a fe w  h o u rs  c h i l l in g ,  w h e re a s  in  f r u i t s  d a m a g e  does  
n o t u s u a lly  b e c o m e  a p p a re n t  u n t i l  s e v e r a l  d ays  o r  w e e k s  a t th e  
c h il l in g  te m p e r a tu r e .  T h e r e f o r e  c h i l l in g -  in ju r y  is  a fu n c tio n  
o f p h y s io lo g ic a l in ju r y  p e r  se ( i .  e . a c o m b in a tio n  o f m e ta b o lic  
d is o r d e r s  and d e s ic c a t io n )  and th e  r a te  o f s y m p to m  d e v e lo p m e n t.
T h e  d e v e lo p m e n t o f c h i l l in g  in ju r y  in  le a v e s  o f 1 5 -d a y -o ld  
p la n ts  o f C u c u m is  s a t iv u s  is  show n in  p la te s  1 - 4  and fo llo w s  a  
s im i la r  p a t te r n  in  P h a s e o lu s  v u lg a r is  and G o s s y p iu m  h ir s u tu m , 
th e  m a in  c h i l l - s e n s i t iv e  s p e c ie s  u se d  in  th is  s tu d y . A f t e r  o n ly  
4  h o u rs  c h i l l in g  a t 5 ^ C , 85 p e r  c en t R H , th e  le a v e s  a r e  w ilte d  
(P la te  1), th e  w i l t in g  b e c o m in g  m o re  s e v e re  w ith  in c re a s e d
26 .
T a b le  4 . T e m p e r a tu r e  and  h u m id ity  t r e a tm e n ts  u se d  in  th is  in v e s t ig a t io n  
and t h e i r  e f fe c ts  on c h i l l - s e n s i t iv e  p la n ts
T r e a t m e n t
T e m p e r a tu r e  
and h u m id ity S p e c ie s E f fe c t
1) C o n tro ls
2) H a rd e n in g
■ o .
3) C h il l in g
4) R e tu rn  to  
w a r m th  
a f t e r  
c h il l in g
2 5 " C , 95 p e r  
c e n t R H
1 2 ° C , 95 p e l  
c en t R H
1 2 ^ C , 100 p e r  
c e n t R H
1 5 ° C , 95 p e r  
c en t R H
5 C , 85 p e r  
c e n t R H
5 ° C ,  100 p e r  
cen t R H
5 * C ,  100 p e r  
c e n t R H
12 C , 85 p e r  
c en t R H
2 5 ° C , 50 p e r  
cen t R H
A l l  s p e c ie s  (11 c h i l l -  
s e n s it iv e  s p e c ie s  
u s e d , see P . 21 )
P h a s e o lu s  v u lg a r is  
G o s s y p iu m  h ir s u tu m  
C u c u m is  s a tiv u s  
S a in tp a u lia  g r a n d i f lo r a
P h a s e o lu s  v u lg a r is
E p is c ia  re p ta n s
A l l  s p e c ie s
P h a s e o lu s  v u lg a r is
E p is c ia  re p ta n s
E p is c ia  re p ta n s
A l l  s p e c ie s
H a rd e n in g  e f fe c t iv e  
a g a in s t c h i l l in g  a t  
5 C , 85  p e r  cen t R H
H a rd e n in g  n o t  
e f fe c t iv e  a g a in s t  
c h il l in g  a t 5 ^ 0 ,
85  p e r  c e n t R H ,
H a rd e n in g  n o t  
e f fe c t iv e  a g a in s t  
c h il l in g  a t 8 ° C ,  J.?
85 p e r  c en t R H .
S e v e re  in ju r y
N o  in ju r y  a f t e r
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le n g th  o f e x p o s u re  to  c h i l l in g .  L ig h t  g re e n  p a tc h e s  u s u a lly  d e v e lo p  
a f t e r  7 h o u rs  c h i l l in g  th u s  in d ic a t in g  c h lo ro p h y ll lo s s . N e c r o t ic  
a r e a s  m a y  a ls o  be v is ib le  a t th is  t im e  (P la te  2) o r , i f  no t im m e d ia te ly  
c o n s p ic u o u s , d e v e lo p  a f t e r  t r a n s f e r  to  25 ^ C  fo r  24 h o u rs . T h e  
ra p id  d e c re a s e s  in  th e  f r e s h  w e ig h t o f th e  le a v e s  o f c h i l l - s e n s i t iv e  
P h a s e o lu s  v u lg a r is  and G o s s y p iu m  h irs u tu m  a r e  show n in  F ig .  1 
in  c o m p a r is o n  to  th e  s m a ll  d e c re a s e  in  f r e s h  w e ig h t on c h il l in g  
c h i l l - r e s is t a n t  H o rd e u m  v u lg a r e .  C u r l in g  and d ry in g  o f the  
le a f  m a r g in  o f th e  c h i l l - s e n s i t iv e  s p e c ie s  o c c u rs  a f t e r  24 h o u rs  
c h il l in g  (P la te  3 ).
W h e n  th e  p la n ts  a r e  r e tu r n e d  to  2 5 °C , 50 p e r  cen t r e la t iv e  
h u m id ity ,  th e  le a f  re g a in s  t u r g o r 'w i t h in  12 h o u rs  and a f t e r  24 h o u rs  
la r g e  b ro w n  o r  w h ite  n e c r o t ic  le s io n s  d e v e lo p  (P la te  4 ) .  I f  th e  
p la n ts  a r e  c h il le d  lo n g e r  th a n  24 h o u rs  th e  s e v e r i t y  o f in ju r y  in c r e a s e s ,  
th e  s te m s  w i l t  and tu r n  b ro w n  r e s u lt in g  in  th e  d e a th  o f th e  p la n t .  
N e c r o s is  a p p e a rs  m o r e  r a p id ly  in  b o th  le a v e s  and f r u i t s  w h en  th e y  
a r e  r e tu r n e d  to  a h ig h e r  te m p e r a tu r e  a f t e r  c h i l l in g  so th a t e s t im a te s  
o f c h i l l in g - in ju r y  a r e  u s u a l ly  m a d e  a f t e r  a p e r io d  o f r e c o v e r y  in  th e  
w a r m th .  T h e  le s io n s  w h ic h  o c c u r  as a r e s u lt  o f c h i l l in g  m a y  a l lo w  
the  in v a s io n  o f d e c a y  m ic r o - o r g a n is m s  in to  th e  t is s u e  le a d in g  to  
th e  s u b se q u e n t d e a th  o f th e  p la n t .  ^
A  c o m m o n  s y m p to m  o f c h i l l in g - in ju r y  in  le a v e s  and f r u i t s  
is  e x te r n a l  d is c o lo u r a t io n . P la te  5 show s th a t w h en  E p is c ia  
re p ta n s  w as  c h il le d  a t 12 ° C  fo r  48  h o u rs  the  d a r k  g re e n  
v a r ie g a te d  le a v e s  tu rn e d  b ro w n  and d ie d . (In  th is  p la te  i t
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can a ls o  be se en  th a t th e ,o ld e r ,  o u te r  le a v e s  a r e  m o re
s u s c e p tib le  to  c h i l l in g - in ju r y  th a n  th e  y o u n g e r , in n e r  le a v e s ) .  
C h il l in g  N a u t i lo c a ly x  ly n c h i i  r e s u lts  in  th e  d e v e lo p m e n t o f 
l ig h t  re d  p a tc h e s  on th e  d a r k  g re e n  le a v e s  a f t e r  24 h o u rs  
c h il l in g  (P la te  6 ) . T h e s e  p a tc h e s  u s u a lly  r e m a in  l ig h t  re d  
fo r  12 to  14 days  a f t e r  th e  end o f c h il l in g  and th e n  tu r n  b ro w n  
and  d r y  (P la te  7 ) . In  C o le u s  b lu m e i th e  top  2 c m s  o f th e  shoots  
a r e  p a r t ic u la r ly  s e n s it iv e  to  c h i l l in g - in ju r y ,  tu rn in g  b ro w n  and  
d y in g  a f te r  48  h o u rs  e x p o s u re  to  5 ^ C . T h e  d e a th  o f th e s e  
shoots and th e  d is c o lo u r a t io n  b e c o m in g  v is ib le  o n ly  a f t e r  
2 days  r e c o v e r y  a t 2 5 ^ C .
T h e  le a v e s  o f th e  c h i l l - r e s is t a n t  s p e c ie s  show ed  no s ig n s  
o f d a m a g e  w h e n  t r a n s f e r r e d  f r o m  25 to  5 ° C .  H o w e v e r ,  th e  
le a v e s  o f 15 - d a y - o ld  s e e d lin g s  o f B e ta  v u lg a r is  and B r a s s ic a  
r a p a  r a p id ly  w il te d  on c h i l l in g  fo r  48  h o u rs  b u t q u ic k ly  re g a in e d  
tu r g o r  on r e t u r n  to  2 5 ° C  w ith  no s igns o f n e c r o s is .
5 . H A R D E N IN G  IN  T H E  L IG H T
A lth o u g h  i t  is  w e l l  kn o w n  th a t m a n y  te m p e r a te  p la n ts  can  
be h a rd e n e d  to  w ith s ta n d  s u b -z e r o  te m p e r a tu r e s  ( L e v i t t ,  1972) 
fe w  a tte m p ts  h a v e  b e e n  m a d e  to  h a rd e n  t r o p ic a l  and s u b ­
t r o p ic a l  s p e c ie s  a g a in s t  c h il l in g  t e m p e r a tu r e s .  M o s t  s tu d ie s  
on h a rd e n in g  o f  c h i l l - s e n s i t iv e  p la n ts  h a ve  b e e n  p e r fo r m e d  on 
th e  f r u i t s  o f th e s e  s p e c ie s  due to  th e  c o m m e r c ia l  a d v a n ta g e  o f  
b e in g  a b le  to  p ro lo n g  t h e i r  m a r k e t  l i f e  b y  s to ra g e  a t lo w  
t e m p e r a tu r e s .  A t te m p ts  a t h a rd e n in g  f r u i t s  h a v e  m e t w ith  
l i t t l e  s u c ce ss  (P . 3 ) and th is  le d  to  the o p in io n  th a t the  le a v e s
o f c h i l l - s e n s i t iv e  p la n ts  co u ld  not be e f fe c t iv e ly  h a rd e n e d
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T H E  D E V E L O P M E N T  O F  C H IL L IN G - IN J U R Y  IN  1 5 - D A Y - O L D  C U C U M IS  
S A T IV U S  P L A N T S  D U R IN G  C H IL L IN G  A T  5 ° C , 85 P E R  C E N T  R H , F O R  
24 H O U R S  A N D  O N  R E T U R N  O F  T H E  P L A N T S  T O  2 5 ° C , 50 P E R  C E N T  
R H  (C o n tro ls  on the  le f t ,  c h il le d  p la n ts  on the r ig h t ) .
P la te  1. C h il le d  4 h o u rs . P la n ts  s ta r t  to show s ig n s  o f w ilt in g .
P la te  2. C h ille d  7 h o u rs . W ilt in g  has in c re a s e d  and l ig h t  g re e n  o r  
n e c ro t ic  p a tc h e s  m a y  be v is ib le .
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P la te  3. C h ille d  24 h o u rs . W il t in g  is  now  s e v e re , the a r e a  o f n e c ro s is  
has in c re a s e d  and d a m a g e  due to  d e s ic c a t io n  is  su g g ested  b y  the d ry in g  
of the le a f  ed g e .
P la te  4 . 24 h o u rs  r e c o v e r y  a t 25 C , 50 p e r  cen t R H . T h e  le a v e s  q u ic k ly
r e g a in  t h e ir  tu r g o r  and la r g e  b ro w n  o r  w h ite  n e c ro t ic  le s io n s  d e v e lo p .
T h e  le a f  m a rg in  d r ie s  and b e c o m e s  b r i t t l e .
THE DEVELOPMENT OF CHILLING-INJURY IN EPISCIA REPTANS
P la te  5. T h e  p la n t on th e  r ig h t  w as  c h il le d  fo r  48 h o u rs  a t 12 C , 85 
p e r  cen t R H , and th en  re tu rn e d  to  2 5 ° C , 50 p e r  cen t R H , fo r  48 h o u rs . 
In  the  c h il le d  p la n t the  d a r k  g re e n  v a r ie g a te d  le a v e s  tu rn e d  b ro w n  and  
d ie d . It  can a ls o  be seen  th a t the  o ld e r ,  o u te r  le a v e s  a re  m o re  
s u s c e p tib le  to  c h i l l in g - in ju r y  th an  the y o u n g e r, in n e r  le a v e s .
THE DEVELOPMENT OF CHILLING-INJURY IN NAUTILOCALYX LYNCHII
P la te  6 . T h e  d e v e lo p m e n t o f l ig h t  re d  p a tc h e s  on the le a v e s  o f N a u t i lo c a ly x  
ly n c h ii  on r e t u r n  to  2 5 ° C  a f t e r  24 h o u rs  c h i l l in g  a t 5 ° C , 85 p e r  cen t R H . 
(C h il le d  p la n t on the le f t ,  c o n tro l p la n t on the r ig h t ) .
P la te  7. T h e  l ig h t  re d  p a tc h e s  on the  le a v e s  o f N a u t i lo c a ly x  ly n c h i i  due  
to 24 h o u rs  c h i l l in g  a t 5 ° C , 85 p e r  cen t R H , e v e n tu a lly  tu rn  b ro w n  and  
d r y  a f t e r  35 d ays  r e c o v e r y  a t 2 5 ° C . (P la n t  on the le f t  has  had 12 days  
r e c o v e r y  a t 2 5 ° C , the p la n t on the r ig h t  35 days r e c o v e r y ) .
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(L y o n s , 1 9 7 3 ). H o w e v e r ,  in  th is  s tu d y  i t  h as  b e e n  found th a t a
p e r io d  o f 4 days  a t 1 2 °C , 95  p e r  cen t R H , and  1 8 -h o u r  p h o to p e r io d  
-  2o f 7 1 .6  W . M .  " p ro v id e d  p ro te c t io n  a g a in s t 48  h o u rs  c h i l l in g  a t 
5 ^ C , 85 p e r  c e n t R H , in  th e  le a v e s  o f G o s s y p iu m  h ir s u tu m ,  
P h a s e o lu s  v u lg a r is , C u c u m is  s a tiv u s  and S a in tp a u lia  g r a n d i f lo r a . 
T w o  days  is  th e  m in im u m  t im e  in  w h ic h  h a rd e n in g  can  be a c h ie v e d ,  
the  p la n ts  in c u r r in g  in ju r y  i f  c h il le d  a f t e r  o n ly  1 d a y  a t 1 2 °C . In  
c o n tra s t , th e  le a v e s  o f s o m e s p e c ie s  do no t h a rd e n  w ith  th e  s am e  
f a c i l i t y  as th e  ab o ve  s p e c ie s . E p is c ia  re p ta n s  wil? o n ly  h a rd e n  
a f t e r  s e v e r a l  m o n th s  a t h a rd e n in g  te m p e r a tu r e  (s e e  P .  3 ) . T h e  
e ffe c t iv e n e s s  o f th e  h a rd e n in g  t r e a tm e n ts  u s ed  in  th is  in v e s t ig a t io n  
a r e  d is c u s s e d  in  d e ta i l  on P .  3 8 .
T h e  t r a n s f e r  o f th e  c h i l l - s e n s i t iv e  p la n ts  G o s s y p iu m  h ir s u t u m , 
P h a s e o lu s  v u lg a r is  and C u c u m is  s a tiv u s  f r o m  25 to  12 ^ C , 95 p e r  
c e n t R H  r e s u lte d  in  s e v e re  w i l t in g  o f th e  le a v e s  a f te r  12 h o u rs .  
H o w e v e r ,  le a f  tu r g o r  w a s  re g a in e d  a f t e r  24 to  48  h o u rs  a t 1 2 °C ,
95  p e r  c en t R H .
W h e n  th e  h a rd e n e d  p la n ts  w e r e  s u b s e q u e n tly  c h il le d  th e  T e a v e s  
d id  n o t w i l t  as  q u ic k ly  as th e  n o n -h a rd e n e d  p la n ts . O n ly  a f t e r  7 
h o u rs  c h i l l in g  d id  w i l t in g  b e c o m e  n o t ic e a b le  in  the h ard en ed , p la n ts .  
F ig .  1 show s th a t  h a rd e n in g  p la n ts  o f G o s s y p iu m  h ir s u tu m  and  
P h a s e o lu s  v u lg a r is  re d u c e d  w a te r  lo s s  b y  a p p r o x im a te ly  10 p e r  
c e n t d u r in g  th e  f i r s t  12 h o u rs  c h i l l in g .  B y the end o f 24 h o u r s ’ 
c h il l in g  th e  w a te r  lo s s  o f  th e  h a rd e n e d  p la n ts  w as  a p p r o x im a te ly  
30 p e r  c e n t le s s  th a n  th a t  o f th e  n o n -h a rd e n e d  le a v e s .  T h is  w as  
r e f le c te d  in  the s e v e r i t y  o f w i l t in g .  T h e  le a v e s  o f th e  n o n -h a rd e n e d
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H o u rs  c h il le d
F ig .  i .  C h an g es  in  th e  f r e s h  w e ig h t o f h a rd e n e d  and n o n -h a rd e n e d  le a v e s  
on c h i l l in g  a t 5 ° C , 85 p e r  c e n t R H , in  th e  l ig h t .  C o n tin u o u s  l in e s  in d ic a te  
p la n ts  w h ic h  h a d  b e e n  h a rd e n e d  f o r  4 days  a t 1 2 ° C , 95 p e r  cen t R H  in  th e  
l ig h t  b e fo re  c h il l in g ,  and b ro k e n  l in e s  p la n ts  w h ic h  r e m a in e d  a t  2 5 ° C  
b e fo re  c h i l l in g .  T h e  f ig u r e s  b e s id e  th e  p o in ts  r e f e r  to  th e  age o f the  
le a v e s  a t the  s ta r t  o f th e  c h i l l in g  t r e a tm e n ts .  L e a v e s  w e r e  g ro w n  u n d e r  
g ro w th -c a b in e t  c o n d itio n s  o f 2 5^ C  and 95 p e r  cen t R H  b e fo re  c h i l l in g .
#  G o s s y p iu m  h ir s u t u m ; O  P h a s e o lu s  v u lg a r is ;  H o rd e u iy i v u lg a r e .
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p la n ts  b e c a m e  in c r e a s in g ly  w il te d  d u r in g  24 h o urs^  c h i l l in g  in  
c o n tra s t  to  th e  le a v e s  o f the h a rd e n e d  p la n ts  w h ic h  had  re g a in e d  a  
la r g e  a m o u n t o f t h e i r  t u r g o r  b y  th e  end o f th e  c h i l l in g  t r e a tm e n t .
f
T h e  in c re a s e  in  tu r g o r  o f th e  h a rd e n e d  le a v e s  is  show n b y  th e  
in c r e a s e  in  f r e s h  w e ig h t o f the  le a v e s  a f t e r  24 h o u r s ’ c h i l l in g  J
in  c o m p a r is o n  to  th e  f r e s h  w e ig h t a f t e r  12 h o u r s ’ c h i l l in g  ( F ig .  l ) .  ^
T h e  w il t in g  o f th e  n o n -h a rd e n e d  c h i l l - s e n s i t iv e  p la n ts  on c h i l l in g  ÿ
co u ld  b e  due to  3 f a c t o r s : -  J
1) A n  in c re a s e  in  m e m b ra n e  p e r m e a b i l i t y .  T h e  p h a se  ^
t r a n s it io n  in  th e  m e m b ra n e  l ip id s  a t c h i l l in g  te m p e r a tu r e s  j
' is  c o n s id e re d  to  r e s u lt  in  an  in c re a s e  in  m e m b ra n e  4
p e r m e a b i l i t y  (P . 5 ). 4
2) A  re d u c t io n  in  th e  r a t e  o f t r a n s lo c a t io n . G ia q u in ta  and  
G e ig e r  (1 9 7 3 ) c o n c lu d e d  th a t c h i l l in g  m a y  in h ib it
I t r a n s lo c a t io n  in  c h i l l - s e n s i t iv e  s p e c ie s  b y  c a u s in g  th e  3?
l ip id  p o r t io n  o f th e  p la s m a  m e m b ra n e  o r  p e rh a p s  th e  
s ie v e  tu b e  r e t ic u lu m  to  u n d e rg o  a p h a s e  c h an g e .
, 3) T h e  o p en in g  o f th e  s to m a ta  on c h i l l in g .  W r ig h t  (197  l )  . -
found  th a t c h i l l in g  le a v e s  o f C u c u m is  s a t iv u s  r e s u lte d  , %
in  th e  in i t i a l  c lo s u re  o f th e  s to m a ta  fo llo w e d  b y  o p e n in g  >'
a f t e r  3 h o u r s ’ c h i l l in g .  ’
B e c a u s e  h a rd e n in g  is  th o u g h t to  lo w e r  th e  t r a n s it io n  te m p e r a tu r e  
o f th e  m e m b ra n e  l ip id s  so th a t  th e  p h a s e  change does n o t o c c u r  on  
c h il l in g  ( p .  191) th e  i n i t i a l  w i l t in g  o f th e  h a rd e n e d  p la n ts  on c h i l l in g  ■
m a y  be m a in ly  due to  th e  o p en in g  o f th e  s to m a ta . A f t e r  3 to  12 h o u rs  ,4
c h i l l in g  th e  s to m a ta  m a y  c lo s e  in  th e  h a rd e n e d  p la n ts  so th a t  t h e i r  ft
le a v e e  r e g a in  m o s t o f t h e i r  t u r g o r  a f t e r  24 h o u rs  c h i l l in g  ( F ig .  1).
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In  a d d it io n , h a rd e n in g  w a s  n o t 100 p e r  cen t e f fe c t iv e  a g a in s t c h i l l in g -  
in ju r y  so th a t  so m e w a te r  lo s s  can  a ls o  be a t t r ib u te d  to  a p h a s e  change  
in  s m a ll  a re a s  o f th e  m e m b ra n e s  w h ic h  w e r e  n o t c o m p le te ly  h a rd e n e d .
H a rd e n in g  re d u c e d  th e  r a te  o f  w a te r  lo s s  f r o m  th e  le a v e s  o f 
G o s s y p iu m  h ir s u tu m  and  P h a s e o lu s  v u lg a r is  on c h il l in g  and m a y  
th e r e fo r e  h a v e  p re v e n te d  in ju r y  due to  d e s ic c a t io n  o f th e  le a f .
In  th e  le a v e s  o f c h i l l - r e s is t a n t  H o rd e u m  v u lg a r e  th e r e  w as  o n ly  
a s m a ll  d e c re a s e  in  th e  f r e s h  w e ig h t o f th e  le a v e s  o f th e  h a rd e n e d  
and  n o n -h a rd e n e d  p la n ts  on c h i l l in g  (F ig .  1).
6 . H A R D E N IN G  IN  T H E  D A R K
In  th e  p re v io u s  s e c tio n  i t  w as  show n th a t s e v e r a l  c h i l l - s e n s i t iv e  
s p e c ie s  co u ld  b e  h a rd e n e d  a g a in s t c h i l l in g - in ju r y  w h en  g ro w n  u n d e r  
an 1 8 -h o u r  p h o to p e r io d  o f 7 1 . 6 W , M . a t 12^ C , 95 p e r  c e n t R H .
L o w  te m p e r a tu r e  in  th e  a b s e n c e  o f l ig h t  has b e e n  show n to  be le s s  
e f fe c t iv e  in  in d u c in g  h a rd e n in g  a g a in s t c h i l l in g - in ju r y  in  le a v e s  o f  
P i  sum  s a tiv u m  ( K u r a is h i ,  A r a i ,  U s h i j im a  and  T a z a k i ,  1 9 6 8 ). In  
a d d it io n , lo w  t e m p e r a tu r e  and  l ig h t  is  g e n e r a l ly  r e q u ir e d  f o r  th e  |
h a rd e n in g  o f w in t e r  a n n u a ls , b ie n n ia ls  and s e e d lin g s  o f p e r e n n ia ls  ‘
a g a in s t f r e e  z in g - in ju r y  ( L e v i t t ,  1 9 7 2 , P .  9 3 ) . T h e r e f o r e ,  i t  w a s  %1l
d e c id e d  to  in v e s t ig a te  w h e th e r  3 - d a y - o ld  le a v e s  o f P h a s e o lu s
v u lg a r is  co u ld  be h a rd e n e d  in  th e  d a r k  a t 1 2 ^ C , 95 p e r  c e n t R H ,
. . . o 'a g a in s t c h i l l in g - in ju r y  a t 5 C , 85  p e r  cen t R H . B e c a u s e  d e t r im e n t a l  ^
ch an g es  in  c h lo ro p h y ll  and p r o te in  c o n te n t o f th e  le a v e s  m a y  o c c u r  
due to  a 4 -d a y  p e r io d  in  the  d a r k  (W r ig h t  an d  S im o n , 1 9 7 3 ), th e  ^
p la n ts  w e r e  h a rd e n e d  f o r  o n ly  2 d ay s  a t 12 C -  a  t im e  p e r io d  w h ic h  |
a c h ie v e d  95 p e r  c e n t h a rd e n in g  in  th e  l ig h t  (P . 4 0 ) .  T h e  e f fe c t iv e n e s s  ,f
o f  h a rd e n in g  in  th e  d a r k  w as  te s te d  b y  c h i l l in g  th e  p la n ts  in  th e  l ig h t
.
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and  the  d a r k  fo r  24 h o u rs  a t 5 ^ C , 85 p e r  c e n t R H .
A )  P la n ts  h a rd e n e d  in  th e  d a r k  and  s u b s e q u e n tly  c h il le d  in  th e  l ig h t
T h r e e - d a y - o ld  le a v e s  o f P h a s e o lu s  v u lg a r is  h a rd e n e d  f o r  2 
days  in  the d a r k  a t 1 2 ° C  and s u b s e q u e n tly  c h il le d  in  th e  l ig h t  f o r  
24  h o u rs  s u f fe re d  7 4  p e r  c en t in ju r y  to  th e  to ta l  le a f  a r e a  « as  
show n b y  th e  d e g re e  o f n e c ro s is  (T a b le  5 ) . In  c o n tra s t ,  le a v e s  
h a rd e n e d  in  th e  l ig h t  fo r  2 d a y s  and th e n  c h il le d  fo r  24 h o u rs  o n ly  
s u ffe re d  5 p e r  c e n t in ju r y  to  th e  to ta l  le a f  a r e a  (T a b le  5 ).
T h e r e f o r e ,  h a rd e n in g  a t 1 2 ^ C , 95 p e r  ce n t R H , in  th e  d a r k  w as  
n o t e f fe c t iv e  a g a in s t  c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  c e n t R H , in  
th e  l ig h t .
B ) P la n ts  h a rd e n e d  in  th e  d a r k  and s u b s e q u e n tly  c h il le d  in  the  d a r k
L e a v e s  o f P h a s e o lu s  v u lg a r is  h a rd e n e d  f o r  2 d a y s  in  th e  d a r k  
and  th e n  c h il le d  f o r  24  h o u rs  in  th e  d a r k  o n ly  s u ffe re d  18 p e r  c e n t  
in ju r y  to  th e  t o t a l  l e a f  a r e a  (T a b le  5 ). S im i la r ly ,  c h i l l in g  3 - d a y - o ld  
le a v e s  o f  P h a s e o lu s  v u lg a r is  f o r  24 h o u rs  in  th e  d a r k ,  w ith o u t an y  
p re v io u s  h a rd e n in g  t r e a t m e n t ,  re d u c e d  th e  e x te n t o f in ju r y  to  th e  
le a v e s  to  17 p e r  c e n t (s e e  P .  4 5 ) .
T h e r e f o r e  h a rd e n in g  a g a in s t c h i l l in g  and  f r e e  z in g - in ju r y  
g e n e r a l ly  r e q u ir e s  lo w  te m p e r a tu r e  and l ig h t .  P o s s ib le  e x p la n a tio n s  
f o r  th e  in a b i l i t y  o f c h i l l - s e n s i t iv e  p la n ts  to  h a rd e n  in  th e  d a r k  a r e  
d is c u s s e d  on p a g e  181 .
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T a b le  5. T h e  e f fe c t iv e n e s s  o f h a rd e n in g  3 - d a y -o ld  le a v e s  o f P h a s e o lu s  
v u lg a r is  a t 1 2 ° C  in  th e  l ig h t  and th e  d a r k  a g a in s t su b s eq u en t c h i l l in g  fo r  
24  h o u rs  a t 5 ^ C , 85  p e r  c e n t R H , in  the l ig h t  and th e  d a r k . L e a v e s  w e re  
g ro w n  u n d e r  g r o w th -c a b in e t  c o n d itio n s  o f 2 5 ^ C , 95 p e r  c e n t R H  fo r  3 d ays  
b e fo re  th e  s t a r t  o f th e  te m p e r a tu r e  t r e a tm e n ts .  D a m a g e  e s t im a te d  as  
th e  p e rc e n ta g e  o f the to ta l  le a f  a r e a  tu rn in g  n e c r o t ic .  (V a lu e s  show n  
a r e  th e  m e a n  o f 25 o r  m o r e  le a v e s ) .
H a rd e n in g  t r e a tm e n t
P e rc e n ta g e  o f to ta l  le a f  a r e a  d a m a g e d  on  
su b s e q u e n t c h i l l in g  fo r  24  h o u rs  a t 5 ° G ,  
85  p e r  c e n t R H
C h il le d  in  the  l ig h t C h il le d  in  th e  d a r k
N o n e 8 2 . 0 1 7 .0
T w o  d a ys  a t 1 2 ° C ,  
95  p e r  cen t R H  in  
th e  d a r k .
7 4 . 0 18. 0
T w o  d a ys  a t 12*^C, 
95  p e r  c e n t R H  in  
th e  l ig h t .
5 .0 N o t d e te rm in e d
F o u r  d a ys  a t 1 2 °C ,  
100 p e r  c en t R H  in  
th e  l ig h t .
8 2 . 0 N o t d e te r m in e d
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7 . T H E  E F F E C T S  O F  100 P E R  C E N T  R E L A T IV E  H U M ID IT Y  O N  
■ C H IL L IN G - IN J U R Y  A N D  H A R D E N IN G
L e a v e s  o f P h a s e o lu s  v u lg a r is  cou ld  be p ro te c te d  a g a in s t c h i l l in g -  
in ju r y  o v e r  4  d a y s  a t 5 ° C  b y  e n c lo s in g  th e  p la n ts  in  p o ly th e n e  b a g s , 
thus m a in ta in in g  100 p e r  c en t R H . S im i la r ly ,  W r ig h t  and S im o n  
(1 9 7 3 ) found th a t th e  le a v e s  o f C u c u m is  s a tiv u s  c o u ld .b e  p ro te c te d  
a g a in s t c h i l l in g - in ju r y  b y  m a in ta in in g  100 p e r  c en t R H . T h e  le a v e s  
o f P h a s e o lu s  v u lg a r is  r e m a in e d  tu r g id  d u r in g  c h i l l in g  a t 100 p e r  
c e n t R H  but w il te d  r a p id ly  on t r a n s f e r  to  2 5 ° C , 50 p e r  cen t R H , 
a t th e  end o f 4  d a y s ’ c h i l l in g .  N e v e r th e le s s ,  th e  le a v e s  re g a in e d
m o s t o f  t h e i r  t u r g o r  a f t e r  2 h o u rs  a t 2 5 ° C  and  o n ly  a fe w  s m a l l  ' I
%
p a tc h e s  o f n e c ro s is  co u ld  be d e te c te d  on th e  le a v e s . T h is  r e s u l t  su p p o rts
. "J
th e  th e o r y  th a t  th e  p h a s e  change in  th e  m e m b ra n e  l ip id s  is  c o m p le te ly
, ' -'I
r e v e r s ib le  on r e t u r n  o f th e  p la n ts  to  th e  w a r m th  i f  no d e g e n e ra t iv e  
in ju r y  h as  o c c u r r e d  (P , 5 ).
In  c o n tra s t  to  th e  le a v e s  o f P h a s e o lu s  v u lg a r is , th e  le a v e s  o f  
th e  e x t r e m e ly  c h i l l - s e n s i t iv e  s p e c ie s , E p is c ia  r e p ta n s , co u ld  n o t  
be p ro te c te d  a g a in s t  c h i l l in g - in ju r y  a t ,5 ° C  b y  m a in ta in in g  100 p e r  
c e n t R H , a lth o u g h  th e  r a te  o f d e v e lo p m e n t o f in ju r y  w a s  s lo w e r  
th a n  a t 5 ° C ,  85 p e r  c en t R H . T a b le  6 c o m p a re s  the  r a te  o f 
d e v e lo p m e n t o f in ju r y  in  E p is c ia  re p ta n s  a t  85 and  100 p e r  c e n t  
R H  on th e  t u r g o r  o f the  le a v e s  and the e x te n t o f le a f  d is c o lo u ra t io n .  
A lth o u g h  th e  b ro w n , n e c r o t ic  p a tc h e s  d e v e lo p e d  m o r e  s lo w ly  d u r in g  
c h il l in g  a t 100 p e r  c e n t R H , th e s e  p a tc h e s  d e v e lo p e d  r a p id ly  on  
r e t u r n  to  2 5 ° C ,
T h e  le a v e s  o f  P h a s e o lu s  v u lg a r is  can  be h a rd e n e d  a g a in s t  
c h i l l in g - in ju r y  a t 5 ° C ,  85  p e r  cen t R H , b y  4  d a y s ’ g ro w th  a t
■rTl
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T a b le  6. T h e  r a te  o f d e v e lo p m e n t o f c h i l l in g - in ju r y  a t 5 ° C  in  le a v e s
o f E p is c ia  re p ta n s  d u r in g  c h i l l in g  a t 85 and 100 p e r  c en t R H . In ju r y  is  
b a s e d  on le a f  tu r g o r  and d is c o lo u ra t io n  f r o m  g re e n  to  b ro w n
H o u rs  c h il le d 5 ^ Ç , 85 p e r  c e n t R H 5 ° C ,  100 p e r  cen t R H
24 M a jo r i t y  o f le a v e s  
v e r y  w i l te d  and  
tu rn e d  b ro w n .
A  fe w  le a v e s  f la c c id  
b u t no b ro w n  p a tc h e s .
36 In c r e a s in g ly  in ju r e d ,  
le a v e s  c u r le d .
M o s t  le a v e s  n o w  f la c c id .  
N o b ro w n  p a tc h e s .
48 S e v e r e ly  in ju r e d . B ro w n  p atch es , n o w  
p r e s e n t  on th e  le a v e s  
and  in ju r y  is  o b v io u s .
a
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1 2 ^ C , 9 5  p e r  c en t R H , in  th e  l ig h t  b e fo re  c h i l l in g  (P . 2 9 ) .  B e c a u s e  
the  le a v e s  o f th is  s p e c ie s  c an  a ls o  w ith s ta n d  c h i l l in g  a t 5 ° C ,  100  
p e r  c e n t R H  f o r  4 d a y s , i t  m ig h t  be e x p e c te d  th a t  th e s e  p la n ts  
w o u ld  h a rd e n  o v e r  th is  p e r io d  and  be a b le  to  w ith s ta n d  s u b se q u en t  
c h il l in g  a t 5 ° C ,  85 p e r  c e n t R H , H o w e v e r ,  le a v e s  o f P h a s e o lu s  
v u lg a r is  h e ld  a t 5 ° C  f o r  4 d a y s  a t 100 p e r  cen t R H , w e r e  fou n d  
to  be as s u s c e p tib le  to  c h i l l in g - in ju r y  as le a v e s  t r a n s f e r r e d  d i r e c t ly  
f r o m  25 to  5 ^ C , 85 p e r  c e n t R H  (T a b le  5 ) ,  In  a d d it io n , h a rd e n in g  
a t 12^ C , 100 p e r  c e n t R H , f o r  4  d ays  w as n o t e f fe c t iv e  a g a in s t  
su b s eq u e n t c h i l l in g  a t 5 ° C ,  85  p e r  c e n t R H . T h e  le a v e s  o f p la n ts  1
h a rd e n e d  a t 1 2 ^ C , 100 p e r  c e n t R H  fo r  4 d a y s  w i l te d  r a p id ly  on
8 .  E S T IM A T IO N  O F  C H IL L IN G - IN J U R Y
T h e  m o s t r e l ia b le  m e th o d  o f e s t im a t in g  c h i l l in g - in ju r y  
is  on the v is ib le  s y m p to m s  d e s c r ib e d  a b o v e . In  th is  
in v e s t ig a t io n  tw o  m e th o d s  o f e s t im a t in g  c h i l l in g - in ju r y  
b a s e d  on the  d e g re e  o f n e c ro s is  w e r e  u sed  to  d e te r m in e ,  
f i r s t l y ,  th e  e f fe c t iv e n e s s  o f the  h a rd e n in g  t r e a tm e n ts .
a
c h i l l in g  a t 5 ° C ,  85 p e r  ce n t R H , in  a s im i la r  m a n n e r  to  p la n ts  «-j
h a rd e n e d  a t 1 2 ^ 0 , 95 p e r  c en t R H  (F ig .  1 ) .  H o w e v e r ,  in  c o n tra s t  1
' oto  th e  p la n ts  h a rd e n e d  a t 12 C , 95 p e r  ce n t R H , th e  le a v e s  o f th e  J
p la n ts  h a rd e n e d  a t 1 2 ^ C , 100 p e r  c en t R H , had  n o t re g a in e d  a n y
t u r g o r  b y  th e  end o f 24 h o u r s ’ c h i l l in g .  T a b le  5 show s th a t le a v e s  -
A
o f P h a s e o lu s  v u lg a r is  h e ld  a t  1 2 ° C , 100 p e r  c e n t R H , fo r  4  d a y s
"-V.4s u ffe re d  th e  s a m e  a m o u n t o f d a m a g e  on c h il l in g  a t 85 p e r  c e n t R H  d
as le a v e s  t r a n s f e r r e d  d i r e c t ly  f r o m  25 to  5 ^ 0 ,  85 p e r  c e n t R H . ^
d
T h e  re a s o n s  f o r  th e  in a b i l i t y  o f c h i l l - s e n s i t iv e  p la n ts  to  h a rd e n  a t ^
5 and 1 2 ^ 0 , 100 p e r  c en t R H , b y  e n c lo s u re  in  p o ly th e n e  bag s  a r e  1
d is c u s s e d  on pag e  1Ô0. 1
s e c o n d ly , th e  e f fe c t  o f le a f  age on the  s u s c e p t ib i l i ty  o f  
le a v e s  to, c h i l l in g - in ju r y , t h i r d ly ,  the v a r ia t io n  in  the  
s u s c e p t ib i l i ty  o f in d iv id u a l le a v e s  o f th e  s a m e  ag e  to  
c h i l l  in  g - in ju r y ,  an d  f in a l ly ,  th e  e f fe c t  o f l ig h t  in te n s ity .
A ) T h e  e ffe c t iv e n e s s  o f h a rd e n in g  a t 1 2 ° C , 95 p e r  c e n t R H
In  e x p e r im e n ts  on th e  to ta l  le a f  f a t t y - a c id  c o m p o s it io n  
(C h a p te r  3) th e ,p la n ts  o f G o s s y p iu m  h ir s u tu m , P h a s e o lu s  
v u lg a r is , and C u c u m is  s a tiv u s  w e re  56 , 23 and 30 d ays  o ld  
r e s p e c t iv e ly  and  m a tu r e  p la n ts  o f S a in tp a u lia  g r a n d if lo r a  
w e re  u s e d . A l l  th e s e  p la n ts  w e re  g ro w n  u n d e r  g re e n h o u s e  
c o n d itio n s  o f a p p r o x im a te ly  2 5^ C  and 95 p e r  c e n t r e la t iv e  
h u m id ity  a n d , s in c e  th e y  w e r e  a v a ila b le  in  la r g e  n u m b e rs ,  
d a m a g e  w as  e s t im a te d  on th e  n u m b e r  o f le a v e s  sh o w in g  
in ju r y  and e x p re s s e d  as a p e rc e n ta g e  o f th e  to ta l  n u m b e r  
o f  le a v e s .  H a rd e n in g  th e s e  p la n ts  r e s u lte d  in  7 to  22 p e r  
c e n t d a m a g e  to  th e  le a v e s  (T a b le  7 ). T h e  d e g re e  o f 
d a m a g e  to  th e  h a rd e n e d  p la n ts  in c re a s e d  w h e n  th e y  w e re  
s u b s e q u e n tly  c h il le d  fo r  48  h o u rs . H o w e v e r ,  m o s t o f  
th e  d a m a g e  on h a rd e n in g  and c h i l l in g  w as  c o n fin e d  to  the  
lo w e r ,  o ld e r  le a v e s . E v e n  though  d a m a g e  o c c u r r e d  to  
th e  h a rd e n e d  p la n ts  on c h i l l in g ,  ta b le  7 show s th a t p la n ts  
w h ic h  h ad  no t b e e n  h a rd e n e d  be fo  r  e c h i l l in g  s u ffe re d  
fo u r  t im e s  th e  a m o u n t o f d a m a g e  as the  h a rd e n e d  p la n ts .  
D a m a g e  w a s  e s t im a te d  a f t e r  1 to  10 d a ys  r e c o v e r y  a t  
2 5 ° C .
In  s u b se q u e n t e x p e r im e n ts  on th e  f a t t y - a c id  c o m p o s it io n  
o f th e  le a f  p o la r  l ip id s  (C h a p te r  4) th e  le a v e s  u s e d  w e re
" I
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T a b le  7 . P e rc e n ta g e  d a m a g e  to p la n ts  (as show n b y  n e c ro s is  and c u r l in g  
o f th e  le a v e s )  on h a rd e n in g  a t  1 2 ^ C , 95 p e r  c en t R H  and c h i l l in g  a t 5 ° C ,
85 p e r  c e n t R H  in  th e  l ig h t .  L e a v e s  w e r e  g ro w n  u n d e r  g re e n h o u s e  
c o n d it io n s  o f a p p r o x im a te ly  2 5 ° C and 95 p e r  cen t r e la t iv e  h u m id ity  
b e fo re  t r a n s f e r  to  th e  g ro w th  c a b in e t . D a m a g e  w a s  e s t im a te d  as  
th e  n u m b e r  o f  le a v e s  s h o w in g  in ju r y  and e x p re s s e d  as a p e rc e n ta g e  
o f th e  t o ta l  n u m b e r  o f le a v e s .
S p e c ie s
A g e
o f
p la n t
(d a y s )
P e rc e n ta g e  
d a m a g e  due  
to  h a rd e n in g
P e rc e n ta g e  
d a m a g e  to  
p la n ts  ‘ 
h a rd e n e d  and  
th e n  c h il le d  
48  h o u rs
P e rc e n ta g e  
d a m a g e  to  
n o n -h a rd e n e d  
p la n ts  c h il le d  
48  h o u rs *  ;
G o s s y p iu m  h ir s u tu m 56 8. 7 1 6 . 0 7 9 . 3 Y
P h a s e o lu s  v u lg a r is 23 22 . 0 20 . 0 8 0 . 0 éil
S a in tp a u lia  g r a n d if lo r a n in e 7 . 0 3 3 . 0 1 0 0 .0
m o n th s ?
C u c u m is  s a tiv u s 30 15 . 0 3 0 . 0 1 0 0 .0
 4---- :________ :_' ' " ^ ______ >. "
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g ro w n  e n t i r e ly  u n d e r  g ro w th  c a b in e t c o n d itio n s  a t 25 C and  
95 p e r  ce n t r e la t iv e  h u m id ity .  P la n ts  o f G o s s y p iu m  h ir s u tu m  
w e r e  18 d a y s  o ld  and P h a s e o lu s  v u lg a r is  8 d a y s  o ld , and  th e  
le a v e s  u s e d  w e r e  5 d a y s  and 3 days  o ld  r e s p e c t iv e ly .  H a rd e n in g  
w a s  m o re  e f fe c t iv e  in  th e  yo u n g  le a v e s  o f th e s e  s p e c ie s  g ro w n  
u n d e r  g r o w th -c a b in e t  c o n d it io n s . H a rd e n in g  5 - d a y - o ld  le a v e s  
o f G o s s y p iu m  h ir s u tu m  and 3 - d a y -o ld  le a v e s  o f P h a s e o lu s  
v u lg a r is  fo r  4  d a y s  a t 1 2 ° C  p ro d u c e d  v e r y  l i t t l e  d a m a g e  to  th e  
yo u n g  le a v e s  o f th e s e  p la n ts  and a ffo rd e d  95 p e r  cen t p r o te c t io n  
a g a in s t  c h i l l in g - in ju r y .  H a rd e n in g  5 -d a y - o ld  le a v e s  o f C u c u m is  
s a tiv u s  f o r  4 d a y s  a t  1 2 °C  a ls o  p ro v id e d  95 p e r  c e n t p r o te c t io n  
a g a in s t c h i l l in g - in ju r y .  T h e  y o u n g e r le a v e s  o f th e s e  3 s p e c ie s  
h a rd e n e d  m o re  r e a d i ly  th a n  th e  o ld e r  le a v e s  so th a t  h a rd e n in g  
w a s  a lm o s t  95 p e r  c e n t e f fe c t iv e  a f t e r  o n ly  2 d a ys  a t 1 2 ° C .
B ) T h e  e f fe c t  o f le a f  age  on th e  s u s c e p t ib il i ty  to  c h i l l in g - in ju r y  
S in ce  th e  ab o ve  e x p e r im e n ts  had  in d ic a te d  th a t  o ld e r  
le a v e s  a r e  m o re  s u s c e p tib le  to  in ju r y  th a n  y o u n g e r  le a v e s ,  
i t  w as  d e c id e d  to  c o m p a re  th e  d e g re e  o f c h i l l in g - in ju r y  to  
5 and 9 - d a y - o ld  le a v e s  o f G o s s y p iu m  h ir s u tu m  and 3 and  
7 - d a y - o ld  le a v e s  o f P h a s e o lu s  v u lg a r is  on c h i l l in g  fo r  
24 h o u rs  a t 5 ° C .  T h e  le a v e s  w e r e  g ro w n  u n d e r  g ro w th  
c a b in e t c o n d itio n s  and  b e c a u s e  th e s e  young  p la n ts  h ad  o n ly  
one o r  tw o  le a v e s  th e  d e g re e  o f c h i l l in g - in ju r y  w a s  e s t im a te d  
as  th e  p e rc e n ta g e  o f th e  to ta l  le a f  a r e a  w h ic h  b e c a m e  
n e c r o t ic  out o f a to ta l  o f 25 o r  m o re  le a v e s .  T a b le  8 show s  
th a t th e  o ld e r  le a v e s  o f b o th  s p e c ie s  w e r e  tw ic e  as s e v e r e ly  
d a m a g e d  as th e  y o u n g e r  le a v e s  a f te r  12 h o u rs  c h i l l in g  a t  
5 ° C .  D a m a g e  w a s  e s t im a te d  a f t e r  48  h o u rs  r e c o v e r y
3%
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T a b le  8 . P e rc e n ta g e  o f to ta l  le a f  a r e a  d a m a g e d  (as show n b y  n e c ro s is )  
d ue to  c h i l l in g  le a v e s  o f d i f f e r e n t  ages  a t 5 ° C ,  85 p e r  c e n t R H , in  the  
l ig h t . L e a v e s  w e re  g ro w n  u n d e r  g ro w th -c a b in e t  c o n d itio n s  o f 2 5 ° C  
and  95 p e r  c e n t R H  b e fo r e  c h i l l in g .  (V a lu e s  show n a r e  th e  X o f  25 o r  
r  m o r e  le a v e s ) .
S p e c ie s
A g e  o f le a f  
(D a y s )
P e rc e n ta g e  d a m a g e
C h il le d  
12 h o u rs
C h il le d  
24 h o u rs
P h a s e o lu s  v u lg a r is 3 54 . 0 8 2 . 0
7 . 7 8 , 0 9 3 . 0
G o s s y p iu m  h ir s u tu m 5 4 8 .0 6 5 . 0
9 9 7 . 0 9 8 . 5
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a t 2 5 ° C . T h e  g r e a t e r  d e g re e  o f d a m a g e  to  th e  o ld e r  le a v e s  
m a y  be a s s o c ia te d  w ith  th e  m o r e  ra p id  w a te r  lo s s  o f th e s e  
le a v e s  on c h i l l in g  -  as sh ow n  fo r  the  le a v e s  o f P h a s e o lu s  
v u lg a r is  in  F ig .  2 . A lth o u g h  th e  o ld e r  le a v e s  o f p la n ts  
a r e  m o re  s u s c e p tib le  to  c h i l l in g - in ju r y ,  yo u n g  p la n ts  a r e  
o fte n  m o re  s u s c e p tib le  to  c o m p le te  d e a th  b y  c h il l in g  due  
to  th e  f le s h y  n a tu re  o f  t h e i r  s te m s .
C ) V a r ia t io n  in  th e  s u s c e p t ib i l i ty  o f in d iv id u a l le a v e s  to  
c h i l l in g - in ju r y
L e a v e s  o f th e  s a m e  s p e c ie s  and age v a r ie d  c o n s id e ra b ly  
in  t h e i r  s u s c e p t ib i l i ty  to  c h i l l in g - in ju r y .  T a b le  9 show s th a t  
th e  d e g re e  o f c h il l in g -d a m a g e  to  in d iv id u a l le a v e s  o f  
P h a s e o lu s  v u lg a r is  p la n ts  , due to  24 h o u rs  c h i l l in g  a t  
5 ° C ,  v a r ie d  b e tw e e n  0 to  100 p e r  c e n t. B e c a u s e  le a v e s  
• o f th e  s a m e  ag e  on a s in g le  p la n t a ls o  v a r ie d  as w id e ly  in  
t h e i r  s u s c e p t ib i l i ty  to  c h i l l in g - in ju r y ,  i t  is  n o t th o u g h t th a t  
th is  v a r ia b i l i t y  w as  s o le ly  due to  g e n e tic  d if fe r e n c e s  
b e tw e e n  p la n ts .  O th e r  fa c to r s  such  as th e  o r ie n ta t io n  o f  
th e  le a f  in  r e la t io n  to  th e  d ir e c t io n  o f l ig h t  and  w in d  m a y  
a ls o  in f lu e n c e  the  s u s c e p t ib i l i ty  o f the  le a f  to  c h il l in g -d a m a g e .
T a y lo r  and R o w le y  (1 9 7 1 ) found  th a t s o rg h u m  le a v e s  p la c e d  
h o r iz o n ta l ly  to  th e  d ir e c t io n  o f l ig h t  w e re  m o r e  c h i l l - in ju r e d  
th a n  th e  v e r t i c a l  le a v e s . T h e  a n g le  o f th e  le a f  w i l l  a ls o  be "7
a s ig n if ic a n t  f a c to r  in f lu e n c in g  th e  r a te  o f  w a te r  lo s s  f r o m  th e
le a f  and in ju r y  due to  d e s ic c a t io n . T o  m in im is e  th e s e  ^
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\A\ . 3 -d a y -o ld  le a v e s  c h il le d  in  th e  d a rk
V  3 - d a y - o ld  le a v e s  
^  \ ^ c h i l l e d  in  th e  l ig h t
7 - d a y - o ld  le a v e s  
c h il le d  in  th e  l ig h tV \ \\ \\ \\
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H o u rs  c h il le d
24
F ig .  2 . T h e  e f fe c t  o f l ig h t  in te n s ity  and le a f  age on th e  f r e s h  w e ig h t  
of P h a s e o lu s  v u lg a r is  le a v e s  on c h i l l in g  a t 5 ° C , 85 p e r  ce n t R H . L e a v e s  
w e r e  g ro w n  u n d e r  g r o w th -c a b in e t  c o n d itio n s  o f 25 C and 95 p e r  c en t R H  
b e fo re  c h i l l in g .
44.
T a b le  9 . T h e  v a r ia b i l i t y  in  th e  s u s c e p t ib i l i ty  o f in d iv id u a l le a v e s  
to  c h i l l in g - in ju r y .  P e rc e n ta g e  o f th e  le a f  a r e a  o f in d iv id u a l 3 - d a y -  
o ld  le a v e s  o f  P h a s e o lu s  v u lg a r is  d a m a g e d  b y  24  h o u rs  c h i l l in g  a t 
5*^C, 85 p e r  c e n t R H , in  th e  l ig h t  (as show n b y  th e  d e g re e  o f n e c r o s is ) , 
L e a v e s  w e re  g ro w n  u n d e r  g r o w th -c a b in e t  c o n d itio n s  o f 2 5 ° C  and  
95 p e r  c e n t R H  b e fo re  c h i l l in g .
P e rc e n ta g e  d a m a g e
P la n t  n u m b e r *L e a f  one *L e a f  tw o " 1
1 100 100
2 50 80
3 95 25
. 4 100 90
" ■
5 100 100
6 75 80 . ' Li -
7 95 90
8 25 90
9 0 100 rl
10 100 95
11 100 90 N
12 100 100 ■ ■ i
13 100 65 ]
14 90 80
15 60 70
T h e  f i r s t  tw o  le a v e s  on e a c h  p la n t o f P h a s e o lu s  v u lg a r is  a re  
th e  s a m e  a g e . 51
45,
e f fe c ts  th e  le a v e s  w e r e  o r ie n ta te d  in  th e  s a m e  d ir e c t io n  and  
m u tu a l s h a d in g  a v o id e d  as f a r  as p o s s ib le .
D )  T h e  e f fe c t  o f l ig h t  in te n s ity  on th e  s e v e r i ty  o f c h i l l in g -  
in ju r y
L e a v e s  o f  s o rg h u m  ( T a y lo r  and R o w le y , 1971 ) and  
c u c u m b e r (K is ly u k , 1964 ; W r ig h t  and S im o n , 1973 ) h av e  
b e e n  show n to  b e  le s s  s e v e r e ly  in ju r e d  w h en  c h il le d  a t  
lo w  l ig h t  in te n s it ie s  o r  in  th e  d a r k .  T h e  e f fe c t  o f l ig h t  
in te n s ity  on c h i l l in g - in ju r y  w as  in v e s t ig a te d  f u r t h e r  b y  
c h il l in g  3 - d a y - o ld  le a v e s  o f P h a s e o lu s  v u lg a r is  a t 5^C  
fo r  24 h o u rs  in  th e  d a r k  and  c o m p a r in g  th e m  w ith  le a v e s  
c h il le d  in  th e  l ig h t  ( 7 1 .6  W . M ~ ^ ) ,
T h e  le a v e s  o f P h a s e o lu s  v u lg a r is  w il te d  le s s  r a p id ly  
w h e n  c h il le d  in  th e  d a r k  and th is  is  r e f le c te d  in  a re d u c t io n  
in  f r e s h  w e ig h t lo s s  ( F ig .  2 ) . A ls o  v e r y  fe w  l ig h t  g re e n  
p a tc h e s  w e r e  v is ib le  a t th e  end o f 24 h o u rs  c h i l l in g  w h ic h  
is  c o n s is te n t w ith  th e  r e s u lts  o f W r ig h t  and S im o n  (1 9 7 3 )  
w ho show ed  th a t c h lo ro p h y ll  w a s  lo s t  o n ly  f r o m  c u c u m b e r le a v e s  
i f  c h il le d  in  th e  l ig h t .  A f t e r  r e c o v e r y  a t 25*^C o n ly  17 p e r  c e n t  
' o f  th e  to ta l  le a f  a r e a  w a s  n e c r o t ic  -  a re d u c t io n  in  th e  e x te n t o f 
in ju r y  o f a p p r o x im a te ly  5 t im e s .
T h e r e f o r e  i t  a p p e a rs  th a t  l ig h t  e n h an ces  c h i l l in  g- d am  a g e , 
p e rh a p s  due to  t im e -d e p e n d e n t  d e s tru c t io n  o f th e  p h o to -
# ► ‘ f  ^
s y n th e tic  a p p a ra tu s . I t  is  th o u g h t th a t w h en  p h o to s y n th e s is  
is  in h ib ite d  th a t  i l lu m in a t io n  can  le a d  to  c e l l  d a m a g e  th ro u g h  
p h o to c h e m ic a l e n e rg y  f r o m  c h lo ro p h y ll b e in g  sp en t on  ^ \|
photo  -  o x id a tio n  (L o m a g in  and A n tro p o v a , 1 9 6 6 ) . In ju r y  ' • |
m a y  a ls o  be re d u c e d  on c h i l l in g  in  the  d a r k  b y  th e  c lo s u re  
o f th e  s to m a ta  due to  c e s s a tio n  o f p h o to s y n th e s is  thus
re s u lt in g  in  a d e c re a s e  in  f r e s h  w e ig h t lo s s  and  a re d u c t io n  ^
, . ' ' ' ■ ' in  th e  e x te n t o f in ju r y  due to  d e h y d ra t io n . H o w e v e r ,  W r ig h t
(1 9 7 1 ) h as  show n th a t  th e  s to m a ta  o f c u c u m b e r le a v e s  open
" Î
a f t e r  3 h o u rs *  c h i l l in g  in  th e  l ig h t  and th e  d a r k ,  |
9 . T H E  E F F E C T IV E N E S S  O F  T H E  H A R D E N IN G  T R E A T M E N T  «
-  » |i
A G A IN S T  P R O L O N G E D  C H IL L IN G  A T  5 ° C ,  85  P E R  C E N T  R H  |
H a rd e n in g  c h i l l - s e n s i t iv e  p la n ts  fo r  4  d ay s  a t  1 2 ° C , 9 5  p e r  ' |
ce n t R H , h as  b een  show n to  p ro v id e  p ro te c t io n , a g a in s t 48  h o u rs  'j
c h il l in g  a t  5 ° C ,  85 p e r  c e n t R H , I f  th e  c h i l l in g  p e r io d  is  e x te n d e d  - : f
fo r  96 h o u rs  th e  h a rd e n e d  p la n ts  o f P h a s e o lu s  v u lg a r is  s u f fe r   ^I
v e r y  l i t t l e  e x t r a  d a m a g e . I t  is  n o t k n o w n  i f  th e  h a rd e n e d  p la n ts  
h a v e  in d e f in ite  r e s is ta n c e  to  c h i l l in g  a t th is  t e m p e r a tu r e  b u t i t
Î
is  p ro b a b le  th a t  th e  c e s s a tio n  o f g ro w th , re d u c t io n  in  p h o to s y n th e s is  ' 
and th e  u t i l i z a t io n  o f th e  c e l lu la r  r e s e r v e s  o f c a rb o h y d ra te  w i l l  ’ |
e v e n tu a lly  cau se  in ju r y  to  th e  p la n t .   ^ '
^ 7
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■ ■ • -  C ; ' ' ' ' / -  y  i  '  ■■■- ' - ■ — ' ^ " - ' % - f  -.  ^ ' '  ' ' '  ' i 7: '. 'î  ' '  ' ' • ’ >'■■•• . ' ■  • ■ ' • : ■ ■ ■ ■  4 7 ' "
C H A P T E R  T W O
T H E  M E T A B O L IC  C O N S E Q U E N C E S  O F  C H IL L IN G - D A M A G E  
T O  T H E  M IT O C H O N D R IA L  M E M B R A N E S  O F  
C H IL L - S E N S IT IV E  P L A N T S
IN T R O D U C T IO N
P e r m a n e n t  d a m a g e  to  th e  m ito c h o n d r ia  on c h i l l in g  can  be e x p e c te d  
to  a l t e r  th e  r e s p i r a t o r y  p a t te r n  on r e t u r n  to  th e  w a r m th .  R e s e a rc h  in  
r e la t io n  to  th is  a s p e c t o f c h i l l in g - in ju r y  has la r g e ly  b ee n  c o n fin e d  to  
c h i l l - s e n s i t iv e  f r u i t s .  A p p le  m a n  and S m ith  (1 9 3 6 ) found  th a t the  
r e s p i r a t o r y  r a te  o f c h i l le d ,  c h i l l - s e n s i t iv e  and  r e s is ta n t  f r u i t s  on 
r e t u r n  to  22 C in c re a s e d  ab o ve  th e  le v e l  o f f r u i ts  h e ld  c o n tin u o u s ly  
a t 2 2 ° C . F u r t h e r m o r e ,  an  in c r e a s e  in  r e s p ir a t io n  r a te  o c c u rs  in
ÏI t  h as  b e e n  show n th a t an  im m e d ia te  e f fe c t  o f c h i l l in g  c h i l l -  s e n s it iv e  p la n ts  and h o m e o th e r m ic  a n im a ls  is  a p h a s e  change in  
th e  l ip id  la y e r  o f th e  m ito c h o n d r ia l  m e m b ra n e s  f r o m  a l iq u id -  
c r y s ta l l in e  to  a s o lid  g e l s ta te  (L y o n s , 1 9 7 2 ). T h e s e  p h a s e  changes  
le a d  to  th e  d is ru p t io n  o f e n z y m ic  a c t iv i ty  and a r e  p re s u m e d  to  le a d  
to  th e  o b s e rv e d  in ju r y .  S im i la r  p h a se  changes do no t o c c u r  on 
c h il l in g  c h i l l - r e  s is  ta n t p la n ts  and p o ïk i lo th e r m ie  o rg a n is m s .
H o w e v e r ,  i f  no d e g e n e ra t iv e  in ju r y  o c c u rs  on c h i l l in g  a c h i l l -  
s e n s it iv e  p la n t ,  such as w h e n  the  c h i l l in g  p e r io d  is  s h o r t , the  
p h a s e  change is  im m e d ia t e ly  and  c o m p le te ly  r e v e r s ib le  on r e tu r n
o f th e  p la n ts  to  th e  w a r m th ,  a lth o u g h  th e  a d ju s tm e n t o f th e  c e l lu la r  - !
' !m e ta b o lis m  b a c k  to  th e  n o r m a l  le v e l  fo r  th e  h ig h e r  te m p e r a tu r e
'm a y  ta k e  lo n g e r . ;
48.
c h i l l - s e n s it iv e  f r u i t s  on r e t u r n  to  2 5 ° C  eve n  w h e n  s e v e r e ly  c h i l l -  
in ju r e d  (E a k s  and M o r r i s ,  1 9 5 6 ). T h e  r e s p ir a t io n  r a te  in c re a s e d  
to a p la te a u  a t th e  s a m e  t im e  as the  o n s e t and d e v e lo p m e n t o f 
c h i l l in g - in ju r y  and w as  fo llo w e d  b y  a d e c lin e  a t th e  t im e  o f d e a th  
of th e  t is s u e .
T h e  r e s p ir a t io n  ra te $ o f  co tto n  le a v e s  in  r e la t io n  to  c h i l l in g - in ju r y  
h as  b e en  in v e s t ig a te d  b y  A m in  (1 9 6 9 ) . H e  found  th a t w h e n  co tto n
fo r  2 5 ° C , a n  e f fe c t  s im i la r  to  th a t  w h ic h  o c c u rs  in  f r u i t s .  C r e e n c ia
le a v e s  w e re  c h il le d  fo r  12 h o u rs  a t 2. 8 ° C  and th e n  t r a n s f e r r e d  to  
2 5 °C  th a t the  r e s p ir a t io n  ra te  in c re a s e d  ab o v e  th e  n o r m a l  le v e l
I
I
and  B ra m b la g e  (1 9 7 1 ) a ls o  sh ow ed  th a t th e  r e s p ir a t io n  ra te  o f le a f  
s e g m e n ts  o f Z e a  m a y s  c h il le d  fo r  36 h o u rs  a t 0 . 3 C in c re a s e d  ■ !
in i t i a l l y  on r e t u r n  to  2 1 ° C  and th e n  d e c lin e d  to  c o n tro l le v e l .  T h e  
c o tto n  and m a iz e  le a v e s  u s e d  in  th e s e  e x p e r im e n ts  s u ffe re d  v e r y  *
l i t t l e  in ju r y  as a r e s u l t  o f th e  c h i l l in g  t r e a tm e n ts .  H o w e v e r ,  A m in  •.'I
( 1 9 6 9 ) show ed th a t i f  c o tto n  le a v e s  w e re  c h il le d  fo r  lo n g e r  p e r io d s  
and  b e c a m e  c h i l l - in ju r e d ,  th e  r e s p ir a t io n  r a te  d e c lin e d  on r e t u r n  
to  2 5 ° C . T h is  e f fe c t  is  s im i la r  to  th e  d e c lin e  in  r e s p ir a t io n  r a te  
o f c h i l l - in ju r e d  f r u i t s  a t th e  t im e  o f d e a th  o f th e  t is s u e . T h e r e f o r e ,  J
i t  a p p e a rs  th a t  an  in c r e a s e  in  r e s p ir a t io n  r a te  on r e t u r n  o f th e  le a v e s  
to  th e  w a r m th  r e f le c ts  th a t  th e  p h a se  change is  a lm o s t  c o m p le te ly  
r e v e r s ib le ,  r e s u lt in g  in  o n ly  m in o r  d a m a g e  to  th e  p la n t . B e c a u s e  
r e s e a r c h  on th e  e ffe c ts  o f c h i l l in g  had  c e n te re d  on th e  r e s p ir a t io n  
r a te  o f c h i l l - s e n s i t iv e  f r u i t s  and  le a v e s  on r e t u r n  to  th e  w a r m th ,  i t  
w as d e c id e d  to  in v e s t ig a te  th e  changes  in  r e s p ir a t io n  o f th e  le a v e s  o f 
5 c h i l l - r e s is t a n t  p la n ts  and  c o m p a re  th e m  w ith  4 c h i l l - s e n s i t iv e
49.
s p e c ie s  w h ic h  d if fe r e d  in  t h e i r  s u s c e p t ib i l i ty  to  c h i l l in g - in ju r y .
T h e  p h a s e  change in  th e  l ip id  la y e r  o f the m ito c h o n d r ia l  m e m b ra n e s  
o f c h i l l - s e n s i t iv e  p la n ts  in c re a s e s  th e  o f the m e m b r a n e -a s  so d a t e d  
e n z y m e s . In  c o n tra s t ,  s o lu b le  e n z y m e  s y s te m s  such as th o s e  
in v o lv e d  in  g ly c o ly s is  p ro c e e d  w ith  a c o n s ta n t E ^  o v e r  a ra n g e  o f 
0 to  2 5 ° C  (R a is o n , 1 9 7 3 ). I f  th e  c o n tro l p ro c e s s e s  w h ic h  re g u la te  
th e  r e la t iv e  a c t iv i t ie s  o f th e  tw o  s y s te m s  a r e  n o t s u f f ic ie n t  to  
c o m p e n s a te  fo r  th e  change in  r a t e s ,  lo w e r in g  th e  te m p e r a tu r e  
b e lo w  th e  p o in t a t w h ic h  e n z y m e s  in c r e a s e  in  E ^  co u ld  r e s u lt  in  
m a jo r  im b a la n c e s  in  m e ta b o lis m . A  r e s u lt  o f th e s e  im b a la n c e s  
m ig h t be th e  a c c u m u la t io n  o f e th a n o l o r  a c e ta ld e h y d e  as th e  end  
p ro d u c ts  o f g ly c o ly s is , o r  th e  a c c u m u la t io n  o f t r i - c a r b o x y l ic  a c id s , 
p e rh a p s  to  to x ic  le v e ls ,  w h ic h  m a y  le a d  to  th e  o b s e rv e d  in ju r y .
M u r a ta  (1 9 6 9 ) h as  d e te c te d  in c re a s e d  le v e ls  o f e th a n o l, a c e ta ld e h y d e , 
p y ru v a te  and oL k e to g lu ta r a te  in  b a n a n a  f r u i t  p u lp  a t 6 ° C  o v e r  15
d a y s . In  th e  s am e  s tu d y  he a ls o  found  th a t m a lo n a te , a s p e c if ic
. <
in h ib ito r  o f s u c c in ic  d e h y d ro d g e n a s e , p ro d u c e d  le s s  in h ib it io n  o f 
o x y g e n  u p ta k e  in  c h il le d  t is s u e  th a n  in  n o n -c h i l le d  t is s u e . B o th  
th e s e  r e s u lts  in d ic a te  th a t  t r i - c a r b o x y l ic  a c id  c y c le  a c t iv i ty  w as  
a ffe c te d  to  a g r e a t e r  d e g re e  b y  c h i l l in g  te m p e r a tu r e s  th a n  g ly c o ly t ic  
a c t iv i ty .  H o w e v e r ,  no in fo r m a t io n  e x is ts  as to  w h e th e r  th e  s a m e  
e v e n ts  o c c u r  in  p la n t  le a v e s .  T h e r e f o r e , i t  w as  d e c id e d  to  s tu d y  
th e  e ffe c t  o f m a lo n a te  on th e  o x yg en  u p ta k e  o f  c h il le d  and n o n -c h i l le d  
le a v e s  and to fo l lo w  th e  ch an g es  in  the  le v e ls  o f e th a n o l in  c h i l l -  
s e n s it iv e  and r e s is ta n t  p la n ts  on c h i l l in g .
50.
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M A T E R IA L S  A N D  M E T H O D S
1) G ro w th  C o n d itio n s
T h e  p la n ts  u s e d  in  th e  e x p e r im e n ts  re p o r te d  in  th is  c h a p te r  
w e re  g ro w n  u n d e r  g re e n h o u s e  c o n d itio n s  as d e s c r ib e d  on P .  24  
and t r a n s f e r r e d  to  the  g ro w th  c a b in e t fo r  2 to  4 d a ys  a t 2 5 ° C  
Before th e  s t a r t  of the  c h i l l in g  t r e a tm e n t  a t  5 ^ C , 85 p e r  c e n t R H .
A l l  p la n ts  w e r e  s e v e r a l  m o n th s  o ld , e x c e p t f o r  p la n ts  o f C u c u m is  
s a tiv u s  w h ic h  w e r e  30 d a y s  o ld  a t th e  s ta r t  o f th e  c h i l l in g  t r e a t m e n t .  |
2) R e s p ir a t o r y  M e a s u re m e n ts
S p e c ie s  
C h i l l - s e n s i t iv e
C u c u m is  s a tiv u s  
N a u t i l o c a ly x  ly n c h ii  
S y n a d e n iu m  g r a n t i i  
C o le u s  b lu m e i  
C h i l l - r e s is t a n t  
B e ta  v u lg a r is  
C h e ira n th u s  c h e i r i  
P r im u la  b u lle y a n a  
S a x if ra g a  u m b ro s a
H o u rs  C h il le d
12
24
24
< 24
96
96
96
G as e x ch a n g e  m e a s u re m e n ts  w e re  m a d e  w ith  a G ils o n  
R e  s p ir o m e te r  o v e r  a 2 -h o u r  p e r io d  on r e t u r n  to  2 5 ° C . T h e  
le a v e s  w e r e  cut in to  d is c s  o f 55 sq m m  w ith  a c o rk  b o r e r ,  
m ix e d , and 30 d is c s  p u t in to  e a c h  f la s k  c o n ta in in g  2 m l o f 
p h o s p h a te  b u f fe r  o r  b u f fe r  c o n ta in in g  0. 1 M  m a lo n a te . T h is  
c o n c e n tra t io n  o f m a lo n a te  w as  u s ed  as A r te m o v a  and Z e m ly a n u k h in
.o.
T h e  fo llo w in g  s p e c ie s  w e r e  u s e d : -
Ï
I
,p - ; ;  . ■ ' . . ' ' '' ' ' ‘ '■'- ' ' ' ' > '
(1 9 7 0 ) found  i t  p ro d u c e d  s u b s ta n t ia l in h ib it io n s  o f o x yg e n  u p ta k e
; in  m a iz e  and s u n flo w e r  le a v e s  and w as  not th o u g h t to  p ro d u c e
Î  ■ j n o n -s p e c if ic  e ffe c ts  due to  th e  h ig h  le v e ls  o f o rg a n ic  a c id s  in
fu'. le a v e s . T h e  b u f fe r  w a s  p r e p a r e d  as a 5 0 /5 0 ,  0 , 05 M  K ^ H P O . /
.4  . c ^
K H ^ P O ^  s o lu t io n . T h e  p H  o f th is  s o lu tio n  w as  k e p t b e lo w  6 
as i t  h a s  b ee n  show n th a t m a lo n a te  in h ib it io n  can  d is a p p e a r  
ab o ve  p H  6 . W h e n  m a lo n a te  w as  added  to  th e  b u f fe r  s o lu tio n  
th e  p H  d ro p p e d  to  Z and  w a s  a d ju s te d  to  p H  4; 5 w ith  c o n c e n tra te d  
K O H . T h e  b u f fe r  fo r  th e  c o n tro ls  w as  a d ju s te d  to  p H  4 . 5 w ith  
c o n c e n tra te d  H C l .  O x y g e n  u p ta k e  w as  m e a s u re d  in  f la s k s  w ith  
c o n c e n tra te d  K O H  in  th e  c e n t r a l  w e l l .  D u p lic a te  s a m p le s  o f 
le a f  gave h ig h ly  r e p r o d u c ib le 'r e s u lts  in  a l l  s p e c ie s  and th e  
r e s p ir a t io n  r a t e  w as  c o n s ta n t a f t e r  20 m in u te s  e q u il ib r a t io n .
R e s p ir a t io n  m e a s u re m e n ts  w e r e  m a d e  in  th e  d a r k  b y  e n c lo s in g  
th e  f la s k s  in  a lu m in iu m  f o i l .  P e n e t r a t io n  o f m a lo n a te  in to  th e -
le a f  w a s  a c h ie v e d  b y  v a c u u m  in f i l t r a t io n .  T h e  f la s k s  c o n ta in in g  J
th e  le a f  d is c s  w e r e  p la c e d  in  a v a c u u m  d e s ic c a to r  and th e  w h o le  ■!
e v a c u a te d  tw ic e , a i r  b e in g  r e a d m it te d  s lo w ly  ea ch  t im e .  J ‘J
E x p e r im e n ts  w ith  c o n tro ls  show ed th a t th e  v a c u u m  t r e a tm e n t  
h ad  no e f fe c t  on th e  r e s p i r a t o r y  r a t e .  O x y g e n  m e a s u re m e n ts  
w e r e  m a d e  o v e r  one h o u r  and a t th e  end o f th e  e x p e r im e n t  th e
■ '. jl e a f  d is c s  w e r e  d r ie d  at" 100 C fo r  12 h o u rs  and th e  d r y  w e ig h t ’
o b ta in e d . •
3) E th a n o l C o n c e n tra t io n  in  th e  L e a v e s
52 .
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S p e c ie s  H o u rs  C h ille d
C h i l l - s e n s it iv e
N a u t i lo c a ly x  ly n c h i i  18
S y n a d e n iu m  g r a n t i i  . 18
C h i l l - r e s is t a n t
P e p e r o m ia  m a g n o lia e fo lia  ’ 18
S a x if ra g a  a iz o id e s  18 'j
/j
S a m p le s  o f th e  c h i l le d  le a v e s  w e r e  ta k e n  e v e r y  tw o  h o u rs ,  ^ ^
p la c e d  in  a m u s lin  b ag  and  c ru s h e d  to  e x t r a c t  th e  sap w h ic h  J
w as th e n  c e n tr ifu g e d  a t 2 00 0  r . p . m .  f o r  5 m in u te s . T h e  s u p e rn a ta n t | 
w as d e c a n te d  and  s to re d  a t - 2 0 ° C  u n t i l  a n a ly s is .  T h e  sap w as  / 'J
th a w e d  s lo w ly  a t 5 ° C  and re c e n tr ifu g e d  b e fo re  a n a ly s is  on a / j
P y e  U n ic a m  g a s - l iq u id  c h ro m a to g ra p h  m o d e l 104 e q u ip p e d  w ith  
a h y d ro g e n  io n  f la m e  d e te c to r .  E th a n o l w as  s e p a ra te d  f r o m  
o th e r  com p o u n d s  on a 1. 52 m  x  0 . 64  cm  g la s s  c o lu m n  p a c k e d  
w ith  20 p e r  c e n t c a rb o w a x  (p o ly e th y le n e  g ly c o l)  on d ia to m ite  
*C* (1 0 0 -1 2 0  m e s h ). N it r o g e n  w as  u se d  as th e  c a r r i e r  gas a t 
a f lo w  ra te  o f 35 m l  p e r  m in u te  a t a c o lu m n  te m p e r a tu r e  o f 
1 0 0 ° C . . E th a n o l w a s  id e n t if ie d  and q u a n tif ie d  b y  th e  in je c t io n  
o f a kn o w n  s ta n d a rd . B e c a u s e  o f th e  lo w  a m o u n ts  o f e th a h o l 
in  th e  sap , s ta n d a rd s  h a d  to  be in je c te d  bo th  b e fo re  and  a f t e r  
e a c h  sap  s a m p le . T h e  v a lu e s  show n in  F ig .  3 a r e  th e  m e a n  
o f th r e e  sap s a m p le s .
t't' 1
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R E S U L T S
1. T H E  E F F E C T  O F  C H IL L IN G  O N  T H E  R E S P IR A T IO N  R A T E  O F  
C H IL L E D  L E A V E S  O N  R E T U R N  T O  2 5 ° C
C h il l in g  C u c u m is  s a tiv u s  and N a u t i lo c a ly x  ly n c h i i  fo r  12 and  
24 h o u rs  r e s p e c t iv e ly  a t 5 ° C  p ro d u c e d  tw ic e  as m u c h  d a m a g e  to  
th e  le a v e s  as th e  c h i l l in g  o f S y n a d e n iu m  g r a n t i i  and  C o le u s  b lu m e i  
fo r  24 h o u rs  (T a b le  1 0 ). T h is  d i f fe r e n c e  in  s u s c e p t ib i l i ty  to  
c h i l l in g - in ju r y  is  r e f le c te d  in  th e  r e s p ir a t io n  r a t e  o f c h i l l - s e n s i t iv e  
p la n ts  on r e t u r n  to  2 5 ° C . In  C u c u m is  s a tiv u s  and N a u t i lo c a ly x  
ly n c h i i ,  w h ic h  w e r e  s e v e r e ly  c h i l l - in ju r e d ,  th e  r e s p ir a t io n  r a te
on r e t u r n  to 2 5 ° C  w as  lo w e r  th a n  th a t o f p la n ts  h e ld  c o n tin u o u s ly  
a t 2 5 ° C  (T a b le  1 1 ). H o w e v e r ,  in  S y n a d e n iu m  g r a n t i i  and C o le u s  
b lu m e i , th e  s p e c ie s  w h ic h  w e r e  le s s  c h i l l - in ju r e d ,  th e  r e s p ir a t io n  
r a te  on r e tu r n  to  2 5 ° C  in c r e a s e d  ab o ve  th e  le v e l  fo r  p la n ts  h e ld  :;|||
c o n tin u o u s ly  a t 2 5 ° C  d u r in g  th e  f i r s t  h o u r  and show ed  s ig n s  o f v;
re tu r n in g  to  th e  n o r m a l  r a t e  fo r  25 C o v e r  th e  seco nd  h o u r  (T a b le  1 1 ). 1
A n  in c r e a s e  in  r e s p i r a t io n  r a t e  on r e t u r n  to  2 5 ° C  a ls o  o c c u r r e d  
in  th e  c h i l l - r e s is t a n t  le a v e s  (T a b le  1 1 ), w ith  th e  e x c e p tio n  o f
S a x if ra g a  u m b r o s a . T h e  r e s p ir a t io n  ra te  o f the  c h i l l - r e s is t a n t  
le a v e s  d e c lin e d  d u r in g  th e  seco n d  h o u r  a t 2 5 ° C  to  a le v e l  n e a re i  
th a t  o f  p la n ts  m a in ta in e d  c o n tin u o u s ly  a t 2 5 ° C .
I f  the  c h i l l in g  t r e a t m e n t  h ad  r e s u lte d  in  p e rm a n e n t  d a m a g e  
to  th e  m ito c h o n d r ia  o f c h i l l - s e n s i t iv e  sp e c ies , w e  m ig h t e x p e c t an  
in c r e a s e  in  R Q  on r e t u r n  o f th e  p la n ts  to  2 5 ° C  due to  the r e la t iv e ly
I
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T a b le  10 . P e rc e n ta g e  o f le a f  a r e a  d a m a g e d  (as show n by  
n e c r o s is )  due to  c h i l l in g  le a v e s  o f c h i l l - s e n s i t iv e  p la n ts
S p e c ie s H o u rs  c h il le d  a t  
5 ° C ,  85 p e r  c en t R H
P e rc e n ta g e  o f 
le a f  a r e a  
d a m a g e d
C u c u m is  s a tiv u s 12 38
N a u t i lo c a ly x  ly n c h i i 24 53
S y n a d e n iu m  g r a n t i i 24 21
C o le u s  b lu m e i 24 23
■:?5
#1
55.' "
T a b le  11 , T h e  r a te  o f o x y g e n  u p ta k e  o f c h il le d  and
n o n -c h i l le d  p la n t  le a v e s  a t 2 5 °C
P e rc e n ta g e
C h ille d C h il le d change in
N o n -c h i l le d fjLl O g /1 0 0 p.1 0 ^ /1 0 0 r e s p ir a t io n
j i l  O g /1 0 0 m g  d r y  w t m g  d r y  w t o f c h il le d
S p e c ie s m g  d r y d u r in g  1st d u r in g  2nd le a v e s
w t /h o u r h o u r  a t h o u r  a t. d u r in g  th e
2 5 ° C 2 5 ° C 1st h o u r  a t
2 5 ° C
C h i l l - s e n s i t iv e  :
C u c u m is  s a tiv u s 286 236 225 -1 7
N a u t i lo c a ly x  ly n c h i i 147 101 92 -3 1
S y n a d e n iu m  g r a n t i i 134 167 159 + 20
C o le u s  b lu m e i 183 225 209 +23
C h i l l - r e s is t a n t  :
B e ta  v u lg a r is 191 220 211 + 13
C h e ira n th u s  c h e i r i 176 209 191 + 19
P r im u la  b u lle y a n a 306 4 0 0 391 +31
S a x ifr .a g a  u m b ro s a 169 143 136 -1 5
A l l  v a lu e s  show n a r e  th e  X  o f d u p lic a te  s a m p le s .
E r - ' /  . "
s -  ■■ ■ : -  . - /  ■ ' ■
&  - " '
g r e a te r  in c r e a s e  in  g ly c o ly t ic  a c t iv i t y  th a n  t r i - c a r b o x y l ic  a c id
c y c le  m e ta b o lis m . T h e  R Q  o f C u c u m is  s a tiv u s  in c re a s e d  f r o m
■ o0% 1. 6 to  2. 0 on r e t u r n  to  25 C , w h ic h  r e f le c ts  th a t  s e v e re  in ju r y
Æ. - h ad  o c c u r r e d  in  th is  s p e c ie s  r e s u lt in g  in  a m a jo r  u p s e t in  th e  
n o r m a l m e ta b o lis m  o f th e  t is s u e . In  th e  o th e r  c h i l l - s e n s i t iv e  
and c h i l l - r e s is t a n t  p la n ts  th e  R Q  on r e t u r n  to 2 5 ° C  w as  th e  
s a m e  as th a t p r i o r  to  c h i l l in g .
N o r th e r n  p o p u la tio n s  o f so m e  p la n ts  h a v e  b e e n  show n to  h a v e  
h ig h e r  r e s p ir a t io n  r a te s  (S c h o la n d e r and K a n w is h e r ,  1959: M o o n e y  
and B i l l in g s ,  1961 ) , bu t no e v id e n c e  w as  o b ta in e d  f o r  th e  t h e r m a l  
a d a p ta tio n  o f the  r e s p i r a t o r y  p ro c e s s  in  th is  s tu d y . T a b le  11 
show s th a t th e re  is  c o n s id e ra b le  o v e r la p  in  th e  r e s p ir a t io n  ra te s
2. T H E  E F F E C T  O F  C H IL L IN G  O N  T H E  R A T E S  O F  G L Y C O L Y T IC  
A N D  T R I - C A R B O X Y L IC  A C ID  C Y C L E  A C T I V I T Y
A ) T h e  d i f f e r e n t ia l  e f fe c t  o f m a lo n a te  on th e  r e s p ir a t io n  o f 
le a v e s  b e fo re  and a f t e r  c h il l in g
In  b o th  c h i l l - s e n s i t iv e  and r e s is ta n t  p la n ts  th e  u p ta k e  o f  
o xy g e n  w as  d e c re a s e d  b y  th e  a d d it io n  o f m a lo n a te  to  th e  c h il le d  
and  n o n -c h i l le d  le a v e s  (T a b le  1 2 ) . In  th e  c h i l l - r e s is t a n t  p la n ts  
m a lo n a te  p ro d u c e d  th e  s a m e  p e rc e n ta g e  in h ib it io n  o f o xyg en  
u p ta k e  in  th e  c h i l le d  and n o n -c h i l le d  le a v e s . H o w e v e r ,  in  the  
s e v e re ly , c h i l l - in ju r e d  C u c u m is  s a tiv u s  and N a u t i lo  c a ly x  ly n c h ii  
m a lo n a te  c a u s e d  le s s  in h ib it io n  o f o xyg en  u p ta k e  th a n  in  th e
o f te m p e r a te  and t r o p ic a l  s p e c ie s  m a in ta in e d  a t 2 5 ^ C . j
i
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n o n -c h i l le d  le a v e s ,  thus  s u g g e s tin g  th a t th e  T C A  c y c le  in  th e s e  
s p e c ie s  w as  a lr e a d y  a d v e r s e ly  a ffe c te d  b y  th e  c h i l l in g  t r e a tm e n t  
and th a t  T C A  m e ta b o lis m  d id  n o t in c re a s e  to  the  n o r m a l r a te  
fo r  2 5 ^ C . In  th e  c h i l l - s e n s i t iv e  s p e c ie s  S y n a d e n iu m  g r a n t i i  and
58.
B ) E th a n o l a c c u m u la t io n  in  c h il le d  c h i l l - s e n s i t iv e  p la n ts
T h e  le v e l  o f e th a n o l in  th e  le a v e s  o f c h i l l - s e n s i t iv e  N a u t i lo c a ly x  
« ly n c h ii  a nd S y n a d e n iu m  g r a n t i i  in c re a s e d  to  a m a x im u m  6 h o u rs  
a f t e r  the  s ta r t  o f th e  c h i l l in g  t r e a tm e n t  and th e n  d e c lin e d  to  the  
c o n tro l le v e l  a f t e r  8 to  12 h o u rs  c h i l l in g  {F ig . 3 ) . T h is  r e s u l t  
is  in  c o n tra s t  to  th a t  o f M in c h in  and S im o n  (1 9 7 3 ) w ho co u ld  no t 
d e te c t a n y  in c r e a s e  in  th e  le v e l  o f e th a n o l in  c u c u m b e r  le a v e s  
a f t e r  3 d ays  c h i l l in g  a t 5 ° C .  U n fo r tu n a te ly ,  i t  is  no t c le a r  
w h e th e r  th e y  fo llo w e d  th e  ch an g es  in  e th a n o l c o n te n t o v e r  the  
3 -d a y  p e r io d  o r  o n ly  a t th e  end o f 3 days c h i l l in g .  T h e r e fo r e ^  
th e  d i f fe r e n c e  in  r e s u lts  m a y  be e x p la in e d  b y  th e  fa c t  th a t  M in c h in  
and S im o n  o n ly  a n a ly s e d  c u c u m b e r  le a v e s  a t th e  end o f 3 d a y s ' 
c h il l in g  and w o u ld  n o t d e te c t  a n y  t r a n s ie n t  in c r e a s e  d u r in g  
c h il l in g .  V
T h e  le v e l  o f e th a n o l in  th e  le a v e s  o f th e  c h i l l - r e s is t a n t  s p e c ie s  
P e p e r o m ia  m a g n o lia e fo lia  a nd S a x if ra g a  a iz o id e s  sho w ed  no change  
a f te r  18 h o u rs  c h i l l in g  (F ig .  3 ) .
IC o le u s  b lu m e i th e r e  is  o n ly  a s m a ll  d i f fe r e n c e  in  th e  p e rc e n ta g e  in h ib it io n  o f o x y g e n  u p ta k e  o f n o n -c h i l le d  and c h il le d  le a v e s  and  
th is  c o r r e la te s  w e l l  w ith  th e  s m a ll  a m o u n t o f p e rm a n e n t  d a m a g e  ->î
to  th e s e  s p e c ie s  a f t e r  24  h o u rs  c h il l in g .
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\  N a u t i lo c a ly x  ly n c h ii
S y n a d e n iu m  g r a n t i i
S a x ifra g e
a iz o id e s
P e p e r o m ia  m a g n o lia e fo lia
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H o u rs  c h il le d
F ig .  3 . T im e  c o u rs e  o f changes  in  the e th a n o l co n te n t o f le a v e s  on 
c h il l in g  a t 5 ° C ,  85 p e r  c e n t R H . C o n tin u o u s  lin e s  in d ic a te  c h i l l -  
s e n s it iv e  p la n ts  and  b ro k e n  l in e s  c h i l l - r e  s is  ta n t p la n ts .
6 0 .
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D IS C U S S IO N
j C h il l in g  p ro d u c e d  s e v e re  in ju r y  in  th e  le a v e s  o f C u c u m is  s a tiv u s
• . v-'iand  N a u t i lo c a ly x  ly n c h i i  r e s u lt in g  in  d e a th  o f th e  t is s u e  and  th e  .
d e p re s s io n  o f th e  r e s p i r a t o r y  r a te  on r e tu r n  to  2 5 ° C . H o w e v e r ,  
one m ig h t  e x p e c t th a t s e v e re  in ju r y  w o u ld  r e s u lt  in  a 'b u r s t ’ o f 
r e s p ir a t io n  due to  th e  b re a k d o w n  o f m e m b ra n e  in t e g r i t y ,  s im i la r  
to  th a t  w h ic h  o c c u rs  on w o u n d in g  t is s u e . P r e s u m a b ly  the  ’b u r s t '  
o f r e s p ir a t io n  in  le a v e s  is  s m a l l  in  c o m p a r is o n  to  th e  d e p re s s io n  
o f m ito c h o n d r ia l  r e s p ir a t io n  due to  c e l l  d e a th . In  c h i l l - s e n s i t iv e  
c u c u m b e r  f r u i t s  w h ic h  h ad  b e e n  s e v e r e ly  in ju r e d ,  E a k s  and M o r r isI
( 1 9 5 6 ) found  th a t the c h a r a c t e r is t ic  in c re a s e  in  r e s p ir a t io n  r a te  s t i l l  
o c c u r r e d  on r e t u r n  o f th e  f r u i t s  to  2 5 ° C , a lth o u g h  i t  la t e r  d e c lin e d  
w ith  th e  d e a th  o f the  t is s u e .  T h is  d if fe r e n c e  in  b e h a v io u r  b e tw e e n  
f r u i t s  and le a v e s  c o u ld  b e  due to  th e  fa c t  th a t s y m p to m s  o f c h i l l -
I
, in ju r y  d e v e lo p  m o r e  s lo w ly  in  f r u i t s  o r  th a t th e r e  a r e  g r e a t e r  c e l lu la r  
r e s e r v e s  o f  c a rb o h y d ra te  in  f r u i t s . I
In  th o s e  c h i l l - s e n s i t iv e  s p e c ie s  in  w h ic h  le s s  in ju r y  o c c u r re d  
(S y n a d e n iu m  g r a n t i i  a nd C o le u s  b lu m e i) ,  th e re  w as  a t r a n s ie n t  
in c r e a s e  in  r e s p ir a t io n  ra te  on r e t u r n  to  2 5 ° C , p e rh a p s  due to  th e  
o x id a t io n  o f m e ta b o lite s  such  as  e th a n o l w h ic h  a c c u m u la te  d u r in g  
c h il l in g  o r  th e  t e m p o r a r y  u n c o u p lin g  o f  o x id a t iv e  p h o s p h o ry la t io n .
T h is  in c re a s e  in  r e s p ir a t io n  r a t e  on r e tu r n  to  2 5 ° C  is  s im i la r  to  
th a t  r e p o r te d  fo r  c o tto n  le a v e s  b y  A m in  (1 9 6 9 ). I t  co u ld  be  
s p e c u la te d  th a t  in  c h i l i - s e n s i t iv e  le a v e s  an in c re a s e  in  r e s p ir a t io n
. 5 ;
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r a t e  on r e t u r n  to  2 5 ° C  m a y  r e f le c t  th e  r e v e r s ib i l i t y  o f the  p h a se  change  
w h ils t  a d e c re a s e  in  r e s p ir a t io n  r a te  m a y  r e f le c t  th a t p e rm a n e n t  
d a m a g e  w as c a u s ed  b y  th e  c h i l l in g  t r e a tm e n t .  H o w e v e r ,  an  in c re a s e  
in  r e s p ir a t io n  r a te  on r e t u r n  to  2 5 ° C  a ls o  o c c u r re d  in  th e  c h i l l -  
r e s is ta n t  le a v e s , w ith  th e  e x c e p tio n  o f S a x if ra g a  u m b ro s a . T h e s e  
in c re a s e s  in  th e  r e s p ir a t io n  r a t e  o f c h i l l - r e s is t a n t  s p e c ie s  on 
r e t u r n  to  2 5^ C  is  th o u g h t to  be due to  a n 'o v e r  c o m p e n s a tio n ' e f fe c t ,  
th e  s u b s tra te  fo r  th is  t r a n s ie n t  in c r e a s e  b e in g  p ro v id e d  b y  the  
c o n v e rs io n  o f s ta rc h  to  s u g a rs  d u r in g  c h il l in g . T h e  p h e n o m e n o n  
o f o v e rs h o o t h as  b e e n  re c o rd e d  in  to m a to e s  by W e n t (1 9 5 8 ), in  
c h ry s a n th e m u m  b y  S chw abe (1 9 5 7 ) and in  m a iz e  and s u n flo w e r  
le a v e s  b y  A r te m o v a  and Z e m ly a n u k h in  (1 9 7 0 ). In  c h i l l - r e s is t a n t  
s p e c ie s  lo w  te m p e r a tu r e s  a r e  kn o w n  to  fa v o u r  the  c o n v e rs io n  o f  
s ta rc h  to  s u g a r ( L e v i t t ,  1 9 72 ) and th is  m a y  a ls o  be th e  c as e  in  
c h i l l - s e n s i t iv e  s p e c ie s  as G u in n  (1 9 7 1 ) show ed th a t h a rd e n in g  * 
in c re a s e d  th e  le v e l  o f s u g a r in  co tto n  le a v e s . T h e r e f o r e ,  the  
ca u ses  o f th e  in c r e a s e  in  r e s p ir a t io n  r a te  o f c h i l l - s e n s i t iv e  and  
r e s is ta n t  p la n ts  on r e t u r n  to  2 5 ° C  m a y  be s im i la r .  ,
M a lo n a te  p ro d u c e d  a lo w e r  p e rc e n ta g e  in h ib it io n  o f o xyg en  
u p ta k e  in  th e  c h il le d  le a v e s  o f C u c u m is  s a tiv u s  and N a u t i lo c a ly x  
ly n c h i i  (T a b le  1 2 ) .  T h is  r e s u l t  m a y  h a v e  b e e n  due to  th e  c h il l in g  
t r e a tm e n t  re d u c in g  th e  p e n e tr a t io n  o f m a lo n a te  in to  th e  le a f ,  
p e rh a p s  b y  c lo s in g  th e  s to m a ta . H o w e v e r ,  a re d u c t io n  in  the  
p e n e tra t io n  o f m a lo n a te  in to  th e  le a f  due to  c h i l l in g  is  th o u g h t to
be u n l ik e ly  as c h i l l in g  r e s u lts  in  a r a p id  in c r e a s e  in  c e l l  p e r m e a b i l i t y
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and  o p en in g  o f th e  s to m a ta  a f t e r  3 h o u rs  c h i l l in g  a t 5 ° C ,  85 p e r  cen t 
R H  (W r ig h t ,  1 9 7 1 ). E v e n  i f  th e  s to m a ta  c lo s e d  in  th e  c h i l l - s e n s i t iv e  
s p e c ie s  on c h il l in g ,  th e  p e n e tr a t io n  o f m a lo n a te  in to  th e  s m a l l  le a f  
d is c s  co u ld  e a s i ly  be m a d e  v ia  th e  cu t edges o f th e  d is c , e s p e c ia l ly  
u n d e r  v a c u u m  in f i l t r a t io n .  F u r t h e r m o r e ,  in  the  c h i l l - r e s is t a n t  s p e c ie s  
th e  p e rc e n ta g e  in h ib it io n  o f o x yg en  u p ta k e  due to  m a lo n a te  w a s  th e  s a m e  
in  bo th  th e  c h il le d  and n o n -c h i l le d  le a v e s  in d ic a t in g  th a t  th e  c h i l l in g  
t r e a tm e n t  h ad  no t a f fe c te d  th e  p e n e tra t io n  o f m a lo n a te .
T h e  e f fe c t iv e n e s s  o f m a lo n a te  is  no t the  s a m e  in  a l l  s p e c ie s , 
as  r e f le c te d  b y  th e  d i f f e r e n t  p e rc e n ta g e  in h ib it io n s  o f o xyg en  
u p ta k e  fo r  e a c h  s p e c ie s  (T a b le  1 2 ) . D if fe r e n c e s  in  th e  
e ffe c t iv e n e s s  o f m a lo n a te  m a y  be due to  v a r ia b le  ra te s  o f  
. p e n e tra t io n  o f m a lo n a te  b e tw e e n  s p e c ie s  and o th e r  fa c to rs , such  
as th e  a m o u n t o f endogenous s u c c in a te  and th e  a b i l i t y  o f m a lo n a te  
to  ta k e  an a c t iv e  p a r t  in  m e ta b o lis m .
t
T h e  le v e l  o f e th a n o l in c re a s e d  to  a m a x im u m  6 h o u rs  a f t e r  
th e  s ta r t  o f c h i l l in g  in  N a u t i lo c a ly x  ly n c h ii  and S y n a d e n iu m  g r a n t i i  
an d  th is  c o in c id e s  w e l l  w ith  th e  t im e  th a t  c h i l l in g - in ju r y  (as show n  
b y  n e c ro s is  o f th e  le a f )  f i r s t  b e c o m e s  v is ib le  on r e t u r n  o f th e  p la n ts  
to  2 5 ° C . T h u s  the  in c r e a s e  in  the le v e l  o f e th a n o l, a lth o u g h  t r a n s i t o r y ,  
m a y  le a d  to  le a f  n e c r o s is .  In  c o n tra s t ,  th e  in c r e a s e  in  th e  le v e l  o f  
e th a n o l in  b a n a n a  f r u i t  p u lp  is  n o t t r a n s i t o r y  and in c re a s e d  o v e r  a 
1 5 -d a y  p e r io d  a t 6 ° C  ( M u r a ta ,  1 9 6 9 ). A f t e r  6 h o u rs  c h i l l in g  th e
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le v e l  o f e th a n o l in  th e  le a v e s  d e c re a s e d , p e rh a p s  due to  th e  c o n tro l  
o f g ly c o ly s is  o r  th e  in d u c tio n  o f p a th w a y s  o f c o n v e rs io n  o f  e th a n o l 
in to  o rg a n ic  a c id s , a m in o  a c id s , l ip id s  o r  s u g a rs . T h e  e x is te n c e  
o f th e s e  p a th w a y s  o f in t e r  c o n v e rs io n  in  p la n t  le a v e s  has  b e e n  show n  
b y  C o s s in s  and B e e v e rs  (1 9 6 3 ) . '
S U M M A R Y
T h e  r e s p ir a t io n  r a te  o f c h il le d  c h i l l - s e n s i t iv e  and r e s is ta n t  
le a v e s  in c re a s e d  on r e t u r n  to  2 5 ° C , e x c e p t w h en  th e  le a v e s  w e re  
s e v e r e ly  c h i l l - in ju r e d .  F u r t h e r  e v id e n c e  fo r  th e  g r e a t e r  in h ib it io n  
o f t r i - c a r b o x y l ic  a c id  c y c le  a c t iv i t y  th a n  g ly c o ly t ic  a c t iv i t y  on  
c h il l in g  c h i l l - s e n s i t iv e  le a v e s  w as  show n b y  th e  a c c u m u la t io n  o f  
e th a n o l a f t e r  6 h o u rs  c h i l l in g  and th e  s m a l le r  in h ib it io n  o f o x y g e n  
u p ta k e  b y  m a lo n a te  in  th e s e  le a v e s .
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C H A P T E R  T H R E E
L E A F  A N D  C H L O R O P L A S T  F A T T Y - A C ID  C O N T E N T  IN  
R E L A T IO N  T O  H A R D E N IN G  A N D  C H IL L IN G - IN J U R Y
IN T R O D U C T IO N
‘ E a r l y  in v e s t ig a to r s  show ed  th a t th e  fa ts  o f a n im a ls  (P e a rs o n  and :i
R a p e r ,1 9 2 7 )  and th e  seed  o ils  o f p la n ts  (H i ld itc h ,  1956 ) o r ig in a t in g  f r o m  ’
c o ld  c l im a te s  h a v e  a g r e a t e r  d e g re e  o f u n s a tu ra t io n  o f the  f a t t y -a c id s  |
th a n  p la n ts  o r  a n im a ls  f r o m  th e  t r o p ic s .  F u r t h e r  s tu d ie s  h a v e  su g g e s te d  ] 
; th a t  th e  a b i l i t y  to  w ith s ta n d  c h i l l in g - in ju r y  in  both  p o ik i lo th e r m ic 1a n im a ls  and c h i l l - s e n s i t iv e  p la n ts  is  a s s o c ia te d  w ith  th e  h ig h  d e g re e  
o f u n s a tu ra t io n  o f th e  m e m b ra n e  fa t t y - a c id s ,  (L y o n s , W h e a to n  and P r a t t ,  
1964; L y o n s , 1 9 7 2 ). R e c e n t r e s e a r c h  h as  c a s t doubts  on w h e th e r  th e  ■ 
d e g re e  o f  u n s a tu ra t io n  p la y s  a d o m in a n t r o le  in  d e te r m in in g  the ' • ]
t e m p e r a tu r e  a t w h ic h  th e  p h a s e  change o c c u rs  in  m e m b ra n e s . I t  has b ee n
d e m c n s tra te d th a t w h e n  th e  u n s a tu ra te d  f a t t y - a c id  le v e l  o f r a t  m ito c h o n d r ia  -'11
w as  in c re a s e d  b y  d ie t a r y  m o d if ic a t io n , th is  change had  e s s e n t ia l ly  no ;;
e f fe c t  on the  c r i t i c a l  t e m p e r a tu r e  (2 2 -2 4  C) o f th e  p h a se  change
'/I
(W i l l ia m s ,  S ta n c lif f ,  P a c k e r  and K e ith ,  1 9 7 2 ). F u r t h e r m o r e ,  s tu d ie s  ’
 ^ i
b y  L o n g  H r u s k a  and C e s s e r  (1 9 7 1 ) h a v e  show n th a t th e  p re s e n c e  o f ^
50 m o le  p e r  cen t o f c h o le s te r o l  c a u s es  a g e l to  l iq u id - c r y s t a l l in e  p h a s e  
t r a n s it io n  o f bo v in e , b r a in  s p h in g o m y e lin  a t 2 0 ° C . T h e  a d d it io n  o f 1
c h o le s te r o l to  s y n th e tic  p h o s p h o lip id s  w as  a ls o  fo u n d  to  lo w e r  
th e  te m p e r a tu r e  o f t r a n s it io n  u n t i l  a t a t h ir d  m o le  p e r  c en t th e  a .!
t r a n s it io n  v a n is h e s  (S te im , T o u r te l lo te ,  R e in e r t ,  M c E lh a n e y  and R ad er^  
1 9 6 9 ) . T h e r e fo r e  i t  a p p e a rs  th a t  c h o le s te ro l o r  o th e r  s te ro ls  c o u ld  3
p la y  an  im p o r ta n t  r o le  in  d e te r m in in g  the  t e m p e r a tu r e  a t w h ic h  p h a s e  1
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e lu c id a te  in  the  le a v e s  o f h ig h e r  p la n ts .  S in c e  i t  is  n o t p o s s ib le  to  
o b ta in  p u re  m e m b ra n e  o r  m ito c h o n d r ia l  p r e p a r a t io n s  f r o m  g re e n  
le a f:  t is s u e  due to  c o n ta m in a t io n  o f th e  p r e p a r a t io n s  b y  c h lo ro p la s t
A*;!
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t r a n s it io n s  o c c u r  in  m e m b ra n e s  and th a t th e  d e g re e  o f u n s a tu ra t io n  o f 
th e  fa t t y - a c id s  m ig h t  no t be as im p o r ta n t  as i t  w as  once c o n s id e re d  
(L y o n s , 1 9 7 2 ). H o w e v e r ,  L y o n s  (u n p u b lis h e d ) h as  show n th a t d ie t a r y  
m o d if ic a t io n  o f the  f a t t y - a c id  c o m p o s it io n  o f sheep  l i v e r  m ito c h o n d r ia  
d id  a f fe c t  th e  t r a n s it io n  te m p e r a t u r e .
F a t t y - a c id  a n a ly s e s  o f m ito c h o n d r ia  is o la te d  f r o m  f r u i t s  h a v e  
d e m o n s tra te d  th a t  c h i l l - r e s is t a n t  rh ito c h o n d r ia  h a v e  a g r e a te r  
d e g re e , o f u n s a tu ra t io n  o f t h e i r  f a t t y - a c id s  th a n  c h i l l - s e n s i t iv e  , j
m ito c h o n d r ia  (L y o n s  e t a l . , 1 9 6 4 ), T h is  c o r r e la t io n  b e tw e e n  
th e  d e g re e  o f un  s a tu ra t io n  and c h i l l - r e s is t a n c e  w a s  n o t found  to
b e  p r e c is e  b y  L y o n s  and A s m u n d s o n  (1 9 6 5 ) and h a s  b e e n  d i f f ic u l t  to  ' j
I
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f r a g m e n ts ,  the  e ffe c ts , o f  c h i l l in g  on the  fa t ty -a c id s  o f le a f  m e m b ra n e s  i
an d  a ls o  the  c h lo ro p la s ts  th e m s e lv e s  h a v e  r e c e iv e d  le s s  a tte n tio n .
\
T h e  p ro b le m s  o f m e m b ra n e  is o la t io n  f r o m  g re e n  le a f  t is s u e  a r e  n o t - ]
so g r e a t  as s o m e tim e s  s u g g e s te d  w h en  it  is  r e m e m b e r e d  th a t th e  v ^
m a jo r i t y  o f c e l lu la r  l ip id s  and  t h e i r  a s s o c ia te d  fa t ty -a c id s  a r e  la r g e ly
t
m e m b ra n e  bound , w ith  the  e x c e p tio n  o f th e  seed  o ils  and w a x y  c u t ic le s  
o f le a v e s  (K a te s , 1 9 7 0 ). T h e  p re s e n t  a u th o r  h as  fou nd  th a t o v e r  60 p e r  
c e n t o f th e  to ta l  le a f  f a t t y - a c id  is  a s s o c ia te d  w ith  th e  p o la r  l ip id s  " |
(p .  14 ) , w h ic h  a r e  c o n s id e re d  to  o c c u r  a lm o s t  e x c lu s iv e ly  v /ith in   ^^
th e  m e m b ra n e s . T h e  n e u t r a l  l ip id s ,  m a in ly  m o n o - d i -  and t r i -  ‘ ^
g ly c e r id e s ,  c o m p r is e  the r e m a in in g  40 p e r  c e n t o f the  le a f  f a t t y -  
a c id s  ( p .  14 ) and , a c c o rd in g  to  the  D a n ie l l i - D a v s o n  m o d e l o f " ^
m e m b ra n e  s t r u c tu r e ,  m a y  b e  a s s o c ia te d  w ith  m e m b ra n e s  as a i
■ , 1
'
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la y e r  w ith  tw o  m o n o la y e rs  o f p h o s p h o lip id  on e i th e r  s id e  (G u r r  and  
J a m e s , 19 7 1 , P .  1 9 3 ), N e u t r a l  l ip id s  a r e ,  h o w e v e r ,  thought to  be  
o f s e c o n d a ry  im p o r ta n c e  to  th e  p o la r  l ip id s  as d e te rm in a n ts  o f  
m e m b ra n e  s t r u c tu r e .  In  a d d it io n .to  th e  above fa c to r s  i t  w a s  
c o n s id e re d  th a t to ta l  le a f  f a t t y - a c id  a n a ly s e s  w o u ld  g iv e  an  a c c u ra te  
e s t im a te  o f m e m b ra n e  f a t t y - a c id  c o m p o s it io n , s in c e  i t  h a s  b e e n  
show n b y  s p in  la b e l l in g  th a t  a p h a s e  change o c c u rs  in  c ru d e  
p r e p a r a t io n s  o f c h i l l - s e n s i t iv e  p la n ts  c o n ta in in g  a l l  th e  c e l l  
m e m b ra n e s , in  f r a c t io n s  r ic h  in  m ito c h o n d r ia  o r  c h lo ro p la s ts  
and  in  m ic e l le s  fo r m e d  f r o m  l ip id s  e x t ra c te d  f r o m  e ith e r  w h o le  
t is s u e  o r  f r o m  p a r t ic u la r  m e m b ra n e s  (R a is o n , 1 9 7 3 ), B e c a u s e  
a n a ly s e s  o f f a t ty -a c id s  h a v e  so f a r  b e e n  co n fin e d  to  m ito c h o n d r ia ,  
i t  w a s  d e c id e d  to  e x te n d  th e s e  in v e s t ig a t io n s  to  th e  f a t t y - a c id  
c o m p o s it io n  o f th e  c h lo r o p la s ts .  A  c o m p a r is o n  w as  m a d e  o f th e  
l e a f  and c h lo r o p la S t i fa t ty -a c id ' c o m p o s it io n s  o f a la r g e  n u m b e r  o f  
c h i l l - s e n s i t iv e  and r e s is ta n t  p la n ts  g ro w n  a t 2 5 ° C  to  d e te r m in e  
w h e th e r  c h i l l - r e s is t a n t  p la n ts  h a v e  a h ig h e r  d e g re e  o f un s a tu ra t io n  
o f th e  m e m b ra n e  f a t t y - a c id s .
C h an g es  in th e  l ip id  c o m p o s it io n  o f p la n ts  on h a rd e n in g  to s u b -z e r o  
t e m p e r a tu r e s  h a v e  .been w e l l  d o c u m e n te d  (P .  8 ) .  In  c o n tra s t , p r a c t ic a l ly  g
no a t te m p t has b e e n  m a d e  to  id e n t i fy  th e  changes  in  f a t ty -a c id s  and lip id s  
w h ic h  o c c u r  on h a rd e n in g  c h i l l - s e n s i t iv e  s p ec ies , w ith  th e  e x c e p tio n  o f 
G u in n  (197  1) w ho r e p o r te d  a  d e c re a s e  in  l ip id  s o lu b le  p h o s p h o ro u s  on 
h a rd e n in g  G o s s y p iu m  h i r s u t u m . In  the  p re s e n t  s tu d y  th e  changes  in  
th e  d e g re e  o f u n s a tu ra t io n  and to ta l  w e ig h t o f f a t t y - a c id  in  the  le a v e s  
and c h lo ro p la s ts  on h a rd e n in g  4  c h i l l - s e n s i t iv e  s p e c ie s  w e r e  fo llo w e d .
F in a l ly ,  an in v e s t ig a t io n  w a s  m a d e  in to  th e  ch an g es  in  f a t t y - a c id '  
c o m p o s it io n  o f th e  le a v e s  and c h lo ro p la s ts  on c h i l l in g .  I f  th e  d e g re e  
o f u n s a tu ra t io n  w e re  to  d e c re a s e  on c h il l in g  i t  m ig h t be e x p e c te d  th a t  
th is  w o u ld  im p a ir  th e  r e v e r s ib i l i t y  o f the p h a se  ch ange on r e t u r n  o f  
th e  p la n ts  to  th e  w a r m th .  A n  in d ic a t io n  o f w h e th e r  th e s e  changes in  ’ 
f a t t y - a c id  c o m p o s it io n  on c h i l l in g  w e re , d e t r im e n ta l  to  th e  p la n t  w as  
o b ta in e d  b y  d e te r m in in g  i f  th e s e  changes  o c c u r re d  in  c h i l l - s e n s i t iv e  
p la n ts  w h ic h  had  b e e n  h a rd e n e d  b e fo r e  c h il l in g .
68.
M A T E R IA L S  A N D  M E T H O D S
1. G ro w th  and h a rd e n in g  c o n d itio n s
T h e  p la n ts  u sed  in  th e  e x p e r im e n ts  re p o r te d  in  th is  c h a p te r  w e re  
g ro w n  u n d e r  g re e n h o u s e  c o n d itio n s  as d e s c r ib e d  in  P .  24 and  
t r a n s f e r r e d  to  th e  g ro w th  c a b in e t fo r  2 days a t 2 5 ° C  b e fo re  th e  
s ta r t  o f th e  te m p e r a tu r e  t r e a tm e n ts .  T h e  c h i l l - s e n s i t iv e  s p e c ie s  
w e r e  h a rd e n e d , a g a in s t c h i l l in g - in ju r y  as d e s c r ib e d  on P . 24 .
T h e  p la n ts  o f P h a s e o lu s  v u lg a r is ,  C u c u m is  s a t iv u s , and G o s s y p iu m  
h ir s u tu m  (c v . W e s tb u rn  70) w e r e  23 , 30 , and 5 6 - d a y - o ld  r e s p e c t iv e ly  
a t th e  s t a r t  o f  the  e x p e r im e n ts .  B r a s s ic a  o le r a c e a  and B r a s s ic a  
c a p ita ta  w e re  b o th  10  w e e k s  o ld  and m a tu re  p la n ts  w e re  used  o f a l l  
o th e r  s p e c ie s .
2. L e a f  n i a te  r i a l  and c h lo ro p la s t  is o la t io n
T h e  le a v e s  w e re  d ip p e d  in  l iq u id  n itro g e n , g ro u n d  in  a p e s t le  
and m o r t a r  and im m e d ia te ly  t r a n s f e r r e d  to the f r e e z e  d r i e r .  T h e  
le a v e s  w e r e  d r ie d  f o r  24  h o u rs  to  0. 02 t o r r  and w e r e  th e n  g ro u n d  
and p a s s e d  th ro u g h  a 500  yi s ie v e  f r o m  w h ic h  one g ra m  w as  ta k e n  
fo r  a n a ly s is .
C h lo ro p la s ts  w e r e  is o la te d  b y  ta k in g  50g  o f le a f  t is s u e  and  
m a c e r a t in g  th e m  in  a W a r in g  b le n d o r  fo r  tw o  m in u te s  w ith  200  m l  
o f ic e  c o ld  0 . 5 M  s u c ro s e  s o lu tio n  m a d e  up in  0 . 01 M  p h o s p h a te  
b u f fe r  a t p H  7 . 4 . T h e  e x t r a c t  w as  th e n  f i l t e r e d  th ro u g h  fo u r  
la y e r s  o f m u s lin  and c e n tr ifu g e d  a t 200 G fo r  2 m in u te s  a t 4 ^ C .
T h e  r e s u lt in g  p e l le t  w as  d is c a rd e d  and th e  s u p e rn a ta n t c e n tr ifu g e d  
a t 1000 G fo r  10 m in u te s . T h is  s u p e rn a ta n t w as  d is c a rd e d  and the
' ' A A  ' ' " ' ' " A : : : ' ; x - / '  - \ r . ' ' " . ,  y  . . y . .  _ .
p e l le t  r e -s u s p e n d e d  in  d is t i l le d  w a te r  and r e - c e n t r i f u g e d  a t 1000  G  
f o r  10 m in u te s . T h e  s u p e rn a ta n t w as d e c a n te d  o f f  and the f in a l  
p e l le t  w a s h e d  in to  a te s t  tu b e  w ith  a fe w  m l o f d is t i l le d  w a te r .
T h e  p r e p a r a t io n s  w e r e  f r e e z e  d r ie d  fo r  24 h o u rs  to  0. 02  t o r r  
and th e  l ip id s  e x t r a c te d  in  th e  s a m e  m a n n e r  as d e s c r ib e d  fo r  
the le a f  m a t e r ia l  b e lo w .
3. L ip id  e x t r a c t io n
L ip id s  w e re  e x tra c te d  in  th e  co ld  by a m o d if ic a t io n  o f th e  
m e th o d  o f B lig h  and D y e r  (1 9 5 9 ) . O ne g ra m  o f le a f  m a t e r ia l  
(0 . 2 g o f c h lo ro p la s ts )  w as  t r a n s f e r r e d  to  a c o n ic a l f la s k  
c o n ta in in g  20 m l  o f c h lo r o fo r m , 40  m l o f m e th a n o l and l6  m l  o f 
w a te r .  T h e  f la s k  w as  s h a ke n  fo r  th re e  m in u te s  and th e  co n te n ts  
v a c u u m  f i l t e r e d  in  a B ü c h n e r  fu n n e l th ro u g h  W h a tm a n s  N o . 3 
f i l t e r  p a p e r .  T v /e n ty  m l  o f c h lo r o fo r m  w a s  th e n  a llo w e d  to  
f i l t e r  th ro u g h  the  t is s u e  and  th e  e x t r a c t  w as  th e n  t r a n s f e r r e d  
to  a s e p a ra t in g  fu n n e l w ith  20 m l  o f w a te r  and a f t e r  s ta n d in g  
fo r  5 m in u te s  th e  lo w e r ,  g re e n  f a t t y - a c id  r ic h  la y e r  w as  ta k e n  
o ff . T h e  e x t r a c t  w a s  w a s h e d  w ith  tw o  f u r th e r  20 m l p o r t io n s  o f 
c h lo r o fo r m  to  re m o v e  a n y  r e m a in in g  t r a c e s  o f l ip id ,  th e  c h lo r o fo r m  
e x tra c ts  c o m b in e d  and ro ta r y -e v a p o r a te d  to  d ry n e s s  a t 3 0 ° C .
T o  a l l  s o lu tio n s  50 ^ g / m l  o f 2, 6 - d i t e r t - b u t y l - p - c r e s o l  w as  added  
as a n t i -o x id a n t .
4 . P r e p a r a t io n  o f th e  m e th y l e s te rs  o f th e  f a t t y -a c id s
M e th y l  e s te r s  w e r e  p r e p a r e d  b y  a m o d if ic a t io n  o f th e  m e th o d  
o f M e tc a l fe ,  S c h m itz  and P e lk a  (1 9 6 6 ) . T w e n ty - f iv e  m l o f 
m e th a n o lic  s o d iu m  h y d ro x id e  (0 . 5 N ) w as  added  to  th e  d r ie d
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e x t r a c t  and r e f lu x e d  fo r  15 m in u te s . T h e n  25 m l o f 14 p e r  cen t
b o ro n  t r i f lu o r id e  in  m e th a n o l w a s  added and r e f lu x e d  fo r  a
, Â|fu r t h e r  15 m in u te s . T h e  e x t r a c t  w as th e n  t r a n s f e r r e d  to  a yi
s o lu tio n  and 50 m l o f p e t r o le u m  s p i r i t  (bp 4 0 -6 0  C ). T h e  fu n n e l g?]
s e p a ra t in g  fu n n e l w ith  30 m l o f s a tu ra te d  s o d iu m  c h lo r id e
w as  s h ak en  v ig o r o u s ly  f o r  1 m in u te , the  p e t r o l  la y e r  s e p a ra te d  
and d r ie d  o v e r  a n h y d ro u s  s o d iu m  su lp h a te  f o r  30 m in u te s . T h e  
f a t t y - a c id  e s te rs  w e r e  e x tr a c te d  tw ic e , 50 m l  o f p e t r o le u m  b e in g  
u sed  in  th e  second  e x t r a c t io n .  T h e  d r ie d  p e t r o l  e x t r a c t  w as
f i l t e r e d  and the s o lu tio n  e v a p o ra te d  to  d ry n e s s  on a r o t a r y  H
-'■ Î
e v a p o r a to r .  T h e  m e th y l e s te r s  w e r e  th e n  ta k e n  up in  d ie th y l j
e th e r  and s to re d  a t 4 ° C  u n t i l  a n a ly s is .  . y  j
5 . G a s - l iq u id  c h ro m a to g ra p h y  y
A  P y e  U n ic a m  g a s - l iq u id  c h ro m a to g ra p h  m o d e l 104 eq u ip p ed  t  |
w ith  a h y d ro g e n  io n  f la m e  d e te c to r  w as  u sed  f o r  th e  a n a ly s e s . , |
T h e  m e th y l e s te r s  w e re  s e p a ra te d  on a 1. 52 m  x  0 . 64  cm  g la s s  
c o lu m n  w ith  20 p e r  c e n t d ie th y le n e  g ly c o l s u c c in a te  as the  
s ta t io n a r y  p h a s e . T h e  c o lu m n  te m p e r a tu r e  w a s  1 9 0 ^ 0  and th e  *!
d e te c to r  o ven  te m p e r a tu r e  2 0 0 ° C . N it ro g e n  w as  u s e d  as th e  'y,-,
c a r r i e r  gas a t a f lo w  r a te  o f 35 m l  p e r  m in u te .
Iïi
E s t e r s  w e r e  id e n t i f ie d  b y  c o m p a r in g  t h e i r  r e te n t io n  t im e s  ‘a |
w ith  th o s e  o f  p u re  m e th y l e s te r s  and p u b lis h e d  d a ta  o b ta in e d  
u n d e r  s im i la r  c o n d itio n s  (J a m ie s o n , 1 9 7 0 ). T h e  id e n t i f ic a t io n  
w as f u r t h e r  c h e c k e d  b y  s i lv e r  io n  t h in - la y e r  c h ro m a to g ra p h y  
o f a le a f  e x t r a c t  o f B r a s s ic a  o le r a c e a .  T h e  p e a k  a r e a s  w e r e
-A'
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L e a v e s  o f B r a s s ic a  c a p ita ta  and B r a s s ic a  o le r a c e a  c o n ta in e d  
a p p r o x im a te ly  4 4  p e r  c e n t o f  an  u n know n s u b s ta n c e  w h ic h  c a m e  o ff  
th e  c o lu m n  a f t e r  l in o le n ic  a c id  and had  an e q u iv a le n t c h a in  le n g th  
o f 22 . 3 . T h r e e  m e th o d s  w e r e  u se d  to  d e te r m in e  i f  th e  u n know n  
com pound  w as  a lo n g  c h a in  f a t t y - a c id  o f B r a s s ic a  o le r a c e a  le a v e s : -
1
m e a s u re d  as p e a k  h e ig h t x  re te n t io n  t im e  and the  w e ig h ts  d e te r m in e d  -  :l 
f r o m  th e  a r e a  p ro d u c e d  b y  in je c t in g  a kn ow n  w e ig h t o f p u re  m e th y l  
h e p ta d e c a n o a te . jf
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L E A F  F A T T Y - A C ID S  ' J
T h e  m e th y l e s te r s  o f th e  fa t ty -a c id s  o f m o s t p la n t  s p e c ie s  w e re
id e n t i f ie d  b y  c o m p a r in g  t h e i r  r e te n t io n  t im e s  w ith  th o s e  o f p u re
m e th y l e s te r s  and p u b lis h e d  d a ta  o b ta in e d  u n d e r  s im i la r  c o n d it io n s . y !
T h e  id e n t i f ic a t io n  o f th e  le a f  fa t ty -a c id s  w as  f u r t h e r  ch e c k e d  b y
. . . y
s i lv e r  io n  t h in - la y e r  c h ro m a to g ra p h y  o f a le a f  e x t r a c t  o f B r a s s ic a  v,
o le r a c e a .  T h is  r e v e a le d  th a t  th e  gas c h ro m a to g ra p h  p e a k  id e n t i f ie d  j ^
as 18:1  w as  a p o o r ly  re s o lv e d  p e a k  c o n ta in in g  b o th  18:1 and l6 ; 3 .
B e c a u s e  bo th  th e s e  f a t ty -a c id s  a r e  u n s a tu ra te d  and 16:3  is  g e n e r a l ly  ,
o n ly  p re s e n t  in  le a v e s  in  s m a l l  a m o u n ts , i t  w as  not c o n s id e re d  M
w o r th w h ile  p e r fo r m in g  s e p a ra te  a n a ly s e s  fo r  th e s e  a c id s . T h e r e f o r e ,  ’-j
 ^ i Iin  th is  s tu d y , th e  f a t t y - a c id  id e n t if ie d  as 18:1 m a y  a ls o  c o n ta in  t r a c e s  
o f 1 6 :3 . A  ty p ic a l  gas c h ro m a to g ra p h  t r a c e  o f th e  m e th y l e s te rs  o f
- !the  le a f  f a t ty -a c id s  is  show n in  F ig .  4  and th e  e q u iv a le n t  c h a in  f i
le n g th s  o f th e  fa t t y - a c id s  is  g iv e n  in  T a b le  15,
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F ig .  4  . Gas L iq u id  C h ro m a to g ra p h y . T y p ic a l  t r a c e  o f the  m e th y l  
e s te rs  o f the. le a f  f a t ty -a c id s  o f E p is c ia  r e p ta n s .
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1) A n  a liq u o t o f the  p r e p a r e d  m e th y l e s te rs  o f th e  fa t ty -a c id s  
o f B r a s s ic a  o le r a c e a  le a v e s  w a s  re d u c e d  w ith  l i th iu m  
a lu m in iu m  h y d r id e  and th e  r e s u lt in g  a lc o h o ls  c o n v e rte d  
to  t r im e t h y l  s i ly l  e th e rs  fo r  a n a ly s is  b y  G , L .  C . I f  th e  
u n know n com pound  is  no t an  a c id , e s te r  o r  k e to n e , i t  w i l l  
be u n a ffe c te d  b y  t r e a tm e n t  w ith  l i th iu m  a lu m in iu m  h y d r id e  
and a p p e a r  u n ch an g e d  on th e  G . L ,  C . t r a c e .
2) To  d e te r m in e  w h e th e r  th e  u n know n com pound  h a d  an y  
d o u b le  bonds p re s e n t  i t  w a s  is o la te d  f r o m  th e  e x t r a c t  b y  
s i lv e r  ion  t h in - la y e r  c h ro m a to g ra p h y  and t r e a te d  w ith  
p a lla d iu m /h y d r o g e n  w h ic h  c o n v e r ts  any  u n s a tu ra te d  bonds  
to  s a tu ra te d  b o n d s . T h e  r e te n t io n  t im e  o f th e  com pound  
on s i lv e r  io n  t h in - la y e r  c h ro m a to g ra p h y  w a s  ch e cke d  
b e fo re  and a f t e r  t r e a t m e n t  w ith  p a l la d iu m /h y d r o g e n .
3) T h e  u n kn o w n  com p o u n d  w as  f in a l ly  a n a ly s e d  b y  m a s s  
s p e c tro s c o p y .
T h e  u n kn o w n  com p o u n d  w as  found to  be u n c h an g ed  a f te r  
t r e a tm e n t  w ith  l i th iu m  a lu m in iu m  h y d r id e  and p a lla d iu m /h y d r o g e n  
s h o w in g  th a t  i t  w as  no t au  e s t e r ,  a c id  o r  k e to n e , and  c o n ta in e d  no  
d o u b le  b o n d s . T h e  m a s s  s p e c tru m  show ed th e  com p o u n d  h ad  a 
m a s s  of 4 0 8 .4 6 9 1 9 2  w h ic h  a g re e s  w e l l  w ith  th e  c a lc u la te d  m a s s  o f 
0 ^ 9 ^ 6 0  is  4 0 8 .4 6 9 4 7 9 .  T h is  f in d in g  is  in  a g re e m e n t  w ith
K o la ttu k u d y  (1 9 6 5 ) w ho found th a t  in  th e  c u t ic u la r  w a x  o f cab b ag e  ,
‘  1
le a v e s  th e  p a r a f f in  c o n s titu te s  93 p e r  c en t o f th e  w a x  h y d ro c a rb o n s .  
A  s m a ll  a m o u n t (7 p e r  c e n t) o f th e  p a r a f f in  w as  a ls o  p re s e n t  in  
the  c h lo ro p la s t  p r e p a r a t io n s  o f B r a s s ic a  c a p ita ta  w h ic h  m a y  r e f le c t  
th a t the c h lo ro p la s t  p re p a r a t io n s  w e re  c o n ta m in a te d  b y  le a f  f r a g m e n ts .
T h e  d e te c t io n  o f  a h y d ro c a rb o n  on the  G , L .  C . t r a c e  m ig h t  
le a d  to  th e  s u s p ic io n  th a t  o th e r  h y d ro c a rb o n s  w ith  lo w e r  c h a in  
le n g th s  w i l l  a ls o  a p p e a r  on th e  tra c e  and be co n fu sed  w ith  e s te r  
p e a k s . H o w e v e r ,  a n a ly s e s  h a v e  show n th a t th e  c u t ic le s  o f le a v e s  
m o s t c o m m o n ly  h a v e  h y d ro c a rb o n s  w ith  a c h a in  le n g th  o f and  
and c o n ta in  v e r y  fe w  h y d ro c a rb o n s  w ith  c h a in  le n g th s  s h o r te r  
th a n  (H a m ilto n  and H a m ilto n ,  1 9 7 2 ). T h e s e  h y d ro c a rb o n s  m a y  
o n ly  be d e te c ta b le  in  f a t t y - a c id  a n a ly s e s  o f th o s e  le a v e s  w h ic h  h a v e  
th ic k  c u t ic le s  and th e r e fo r e  la r g e  q u a n t it ie s  o f th e s e  h y d ro c a rb o n s ,  
such  as B ra s s ic a  o le r a c e a  and  B r a s s ic a  c a p ita ta . H y d ro c a rb o n s  
f r o m  the c u t ic le  a r e  n o t th e r e fo r e  c o n s id e re d  to  h a v e  in t e r f e r e d  
w ith  the  f a t t y - a c id  a n a ly s e s .
T h e  le a f  c u t ic le  c o n s is ts  o f a m e s h w o rk  o f c r o s s - e s t e r i f ie d  
p o ly m e r iz e d  h y d ro x y  f a t t y - a c id s  c a lle d  c u tin  w h ic h  is  em b e d d e d  
in  a c o m p le x  m ix tu r e  o f r e la t iv e ly  non p o la r  l ip id s  c o m m o n ly  
r e f e r r e d  to  as  w a x e s  (K o la ttu k u d y , 1 9 7 0 ), T h e s e  h y d ro x y  f a t t y -  
a c id s  a r e  n o t c o n s id e re d  to  h a v e  in t e r f e r r e d  w ith  th e  m e m b ra n e  
f a t t y - a c id  a n a ly s e s  s in c e  th e y  g e n e r a l ly  h a v e  c h a in  le n g th s  
g r e a te r  th a n  (K o la ttu k u d y , 1970) and th e  lo n g e s t f a t t y - a c id  
c h a in  d e te c te d  in  th e  p r e s e n t  in v e s t ig a t io n  w as  In  a d d it io n ,
m e th y l e s te r s  o f th e s e  h y d ro x y  f a t t y - a c id s ,  i f  fo r m e d , w o u ld
K '  ■ - . "  T ; - I '  ' ' ' ' : :S ; " '" '4 : ': . '' '^4 V v  -;'■•■■■;- r  ■' ':::;.4ïïi '  • '  I
& ' • ' -  - ' ' .
J/'- h a v e  re te n t io n  t im e s  lo n g e r  th a n  C^g on a d ie th y le n e  g ly c o l'
s u c c in a te  c o lu m n , s in c e  th e y  a r e  m o re  p o la r .  S im i la r ly ,  f r e e
. ... ' - '
? ' I f a t ty -a c id s  f r o m  th e  c u t ic le  a r e  n o t c o n s id e re d  to  h a v e  a f fe c te d
the  m e m b ra n e  f a t t y - a c id  a n a ly s e s  as th e y  c o m p r is e  o n ly  9 p e r
::K'j . ' ' . X |
c e n t o f th e  to ta l  c u t ic u la r  w a x e s  (K o la ttu k u d y , 1970 ) and in  g e n e r a l h
• h a v e  c h a in  le n g th s  g r e a t e r  th a n  si|
■ ■ ■ ■ ■ .vl
2 . A  C O M P A R IS O N  O F  T H E  L E A F  A N D  C H L O R O P L A S T  F A T T Y -
A C ID  C O M .P G S IT IO N  O F  C H IL L - S E N S IT IV E  A N D  C H I L L .  >;j
- R E S IS T A N T  P L A N T S  G R O W N  A T  2 5 ° C  ' 4
A n a ly s e s  o f th e  le a v e s  and c h lo ro p la s ts  o f c h i l l - s e n s i t iv e  and  p
c h i l l - r e s is t a n t  p la n ts  s h o w ed  no c o r r e la t io n  b e tw e e n  th e  d e g re e  o f 'm
u n s a tu ra t io n  o f th e  f a t t y - a c id s  and c h i l l - r e s is t a n c e  (T a b le s  13 and  14 "ij
Àj, r e s p e c t iv e ly ) .  T h is  m a y  be due to  th e  in f lu e n c e  o f o th e r  fa c to rs
' ' ; ' 'X' on th e  t e m p e r a tu r e  o f th e  p h a s e  c h an g e , such as c h o le s te r o l (s e e  P .  64  )*'
-  - . - - - - '
3 . C H A N G E S  IN  T H E  L E A F  A N D  C H L O R O P L A S T  F A T T Y - A C I D  
C O M P O S IT IO N S  O F  C H IL L - S E N S IT IV E  A N D  C H IL L - R E S IS T A N T  
S P E C IE S  O N  H A R D E N IN G  A T  1 2 °C , 95 P E R  C E N T .R H
' d
/!
T a b le  7 (C h a p te r  1) show s th a t th e  p la n ts  w h ic h  h a d  n o t b e e n  
h a rd e n e d  b e fo re  c h i l l in g  s u f fe re d  fo u r  t im e s  th e  a m o u n t o f d a m a g e  
as th e  h a rd e n e d  p la n ts .  In  s p ite  o f th is  re d u c t io n  in  in ju r y ,  no , 
in c re a s e  in  u n s a tu ra t io n  o f th e  f a t t y -a c id s  w a s  d e te c te d  in  e ith e r  |
th e  le a v e s  o r  c h lo ro p la s ts  o f th e  h a rd e n e d  p la n ts  (T a b le s  15 and l 6  <
r e s p e c t iv e ly ) ,  e x c e p t fo r  a s lig h t  in c re a s e  in  the p e rc e n ta g e  o f ’"1
l in o le ic  a c id  in  th e  le a f  and  c h lo ro p la s t  a n a ly s e s . T h is  in c r e a s e
■ ' iw as n o t d e te c te d  in  S a in tp a u lia  g r a h d if lo r a .
■
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H a rd e n in g  th e  c h i l l - s e n s i t iv e  s p e c ie s  r e s u lte d  in  a d e c re a s e  
in  th e  to ta l  w e ig h t o f f a t t y - a c id  o f a p p r o x im a te ly  25 p e r  cen t in  
th e  le a v e s  and c h lo ro p la s ts  (T a b le s  17 and 18 r e s p e c t iv e ly ) .  
T h e s e  d e c re a s e s  m a y  be due to  th e  o x id a tio n  o f l ip id s  as a s o u rc e  
o f e n e rg y . In  the  c h i l l - r e s is t a n t  s p e c ie s  the  w e ig h t o f f a t t y - a c id  
in  th e  le a v e s  and  c h lo ro p la s ts  show ed  l i t t l e  change due to  the  
, h a rd e n in g  t r e a t m e n t .
4 . C H A N G E S  IN  T H E  L E A F  F A T T Y - A C I D  C O M P O S IT IO N S  O F  
C H IL L - S E N S IT IV E  A N D  C H IL L - R E S IS T A N T  S P E C IE S  O N  
C H IL L IN G  A T  5 ° C , 85 P E R  C E N T  R H
W h en  c h i l l - s e n s i t iv e  s p e c ie s  w e r e  c h il le d  th e re  w a s  a d e c re a s e  
in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  and to ta l  w e ig h t o f fa t ty -a c id s  
(F ig s .  5 and  6 ) . T h e  d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic
a c id  w a s  p a r t ic u la r ly  r a p id  in  the v e r y  c h i l l - s e n s i t iv e  p la n ts  o f  
C u c u m is  s a tiv u s  and S a in tp a u lia  g r a n d if lo r a  and s lo w e r  in  the  
le s s  c h i l l - s e n s i t iv e  C o le u s  b lu m e i.  T h e  d e c re a s e s  in  the  
p e rc e n ta g e  o f l in o le n ic  a c id  re s u lte d  in  a d e c re a s e  in  th e  to ta l  
p e rc e n ta g e  o f u n s a tu ra te d  f a t t y - a c id  in  th e  le a f .
In  c h i l l - r e s is t a n t  s p e c ie s  th e r e  w as  no ch an g e in  e ith e r  the  
p e rc e n ta g e  o f l in o le n ic  a c id  o r  to ta l  w e ig h t o f f a t t y -a c id s  on 
c h il l in g  (F ig s .  5 and 6 ) .
T a b le  17. C hanges  in  to ta l  w e ig h t o f le a f  fa t ty -a c id s  o f c h i i l -  
s e n s it iv e  and c h i l l - r e s is t a n t  p la n ts  on h a rd e n in g  a t 1 2 °C ,
95 p e r  ce n t R H . (E x p re s s e d  as m g  o f f a t t y - a c id  p e r  g ra m  of 
ly o p h il iz e d  le a f )
8T
S p e c ie s C o n tro l H a rd e n e d
C h i l l -  s en s it  iv  c G o s s y p iu m  h ir s u tu m  
(W e s tb u rn )
19. 7 14. 3
P h a s e o lu s  v u lg a r is 25 . 1 18. 5
C u c u m is  s a tiv u s 2 7 .3 26 . 6
C h ill"* r e s is ta n t B r a s s ic a  c a p ita ta 8 . 1 7 . 1
B e ta  v u lg a r is 13. 6 16. 3
82.
T a b le  18. C h an g é s  in  th e  to ta l  w e ig h t o f c h lo ro p la s t  f a t ty -a c id s  
o f c h i l l - s e n s i t iv e  and  c h i l l - r e s is t a n t  p la n ts  on h a rd e n in g  
(e x p re s s e d  as m g  o f f a t t y - a c id  p e r  g ra m  o f ly o p h il iz e d  c h lo ro p la s t )
S p e c ie s C o n tro l H a rd e n e d
• C h i l l - s e n s i t iv e  G o s s y p iu m  h ir s u tu m
(W e s tb u rn )
6 1 . 3 4 6 . 8
P h a s e o lu s  v u lg a r is 6 3 . 0 50 . 5
C u c u m is  s a tiv u s 7 7 . 1 6 8 . 3
C h i l l - r e s is t a n t  B r a s s ic a  c a p ita ta 6 1 . 4 6 0 . 9
B e ta  v u lg a r is
i--
7 8 . 0 7 6 . 0
83,
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3ü(d
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N0)
70
60
50
40
30
P h a s e o lu s  v u lg a r is  
#  • --------
C o le u s  b lu m e i
\  B e ta  v u lg a r is  ^
G o s s y p iu m  h irs u tu m
C u c u m is  s a tiv u s
O B r a s s ic a  o le r a c e a
O  B r a s s ic a  c a p ita ta
0 S a in tp a u lia  g r a n d if lo r a
4 8  \  96
H o u rs  c h il le d
144 192
F ig .  5 , T im e  c o u rs e  o f ch an g es  in  p e rc e n ta g e  o f l in o le n ic  a c id  in  
le a v e s  on c h i l l in g  a t  5 ° C ,  85 p e r  c en t R H . C o n tin u o u s  l in e s  in d ic a te  
c h i l l - s e n s i t iv e  p la n ts  and b ro k e n  lin e s  c h i l l - r e s is t a n t  p la n ts .
84.
40
P h a s e o lu s  v u lg a r is
C u c u m is  s a tiv u s
ho 20
 O  B e ta  v u lg a r is
ho
G o s s y p iu m  h ir s u tu m
C u c u m is  s a tiv u s
r a s s ic a  c a p ita ta
48 144
H o u rs  c h il le d
F ig ,  6 . T im e  c o u rs e  o f chan ges  in  w e ig h t o f f a t t y - a c id  in  le a v e s  
on c h i l l in g  a t 5 ^ C , 85 p e r  c e n t R H . C o n tin u o u s  l in e s  in d ic a te  c h i l l -  
s e n s it iv e  p la n ts  and b ro k e n  l in e s  c h i l l - r e s is t a n t  p la n ts .
: - -- " . ' .  ,' ' ' - ' . ' : ^
5. C H A N G E S  IN  T H E  C H L O R O P L A S T  F A T T Y - A C ID  C O M P O S IT IO N S  • .1'^ 
O F  C H IL L - S E N S IT IV E  A N D  C H IL L - R E S IS T A N T  S P E C IE S  O N  ; f |
C H IL L IN G  A T  5 ° C ,  85 P E R  C E N T  R H
C h il l in g  in c re a s e d  th e  p e rc e n ta g e  o f l in o le n ic  a c id  and to ta l  
w e ig h t o f f a t t y - a c id  in  th e  c h lo ro p la s ts  o f c h i l l - s e n s i t iv e  le a v e s  
(F ig s .  7 and 8 r e s p e c t iv e ly ) .  B e c a u s e  th e  p e rc e n ta g e  o f  
l in o le n ic  a c id  d e c re a s e d  in  th e  w h o le  le a f  a n a ly s is  on c h il l in g ,  
thë  d e c re a s e  in  th e  p la s m a le m m a  and o th e r  m e m b ra n e  s y s te m s  
o u ts id e  th e  c h lo ro p la s t  m u s t be p a r t ic u la r ly  la r g e  as i t  is  
g e n e r a l ly  c o n s id e re d  th a t th e  c h lo ro p la s t  c o n ta in s  th e  m a jo r i t y  
o f th e  c e l lu la r  l ip id s  and f a t t y - a c id s .  I t  is  t h e r e fo r e  thought 
th a t  the d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  in  th e  
le a f  on c h i l l in g -m a y  p la y  an im p o r ta n t  r o le  in  d e te r m in in g  
th e  e x te n t o f d a m a g e  to th e  p la n t .
In  c h i l l - r e  s is  ta n t p la n ts  th e  p e rc e n ta g e  o f l in o le n ic  a c id  in  the  
c h lo ro p la s t  e i th e r  r e m a in e d  c o n s ta n t on c h i l l in g  (B e ta  v u lg a r is ) 
o r  d e c re a s e d  ( B r a s s ic a  c a p ita ta ) .  T h e  to ta l  w e ig h t o f fa t ty -a c id s  
in  th e  c h lo ro p la s ts  d e c re a s e d  on c h i l l in g  in  bo th  c h i l l - r e s is t a n t  
s p e c ie s . T h e r e fo r e  th e  changes  in  fa t t y - a c id  c o m p o s it io n  o f  
th e  c h lo ro p la s ts  o f c h i l l - r e s is t a n t  p la n ts  on c h i l l in g  a re  
d if fe r e n t  to  th o s e  w h ic h  o c c u r  in  c h i l l - s e n s i t iv e  p la n ts .
6 . C H A N G E S  IN  T H E  L E A F  F A T T Y - A C ID  C O M P O S IT IO N S  O F  
H A R D E N E D  L E A V E S  D U R IN G  C H IL L IN G  A T  5 ° C ,  85 P E R  
C E N T  R H
a
F u r t h e r  e v id e n c e  th a t th e  d e c re a s e  in  the  p e rc e n ta g e  o f l in o le n ic  . A 
a c id  on c h il l in g  c h i l l - s e n s i t iv e  le a v e s  w as  d e t r im e n t a l  to  the  p la n t
86.
w as  o b ta in e d  b y  fo llo w in g  the  changes  in  the f a t t y - a c id  c o m p o s it io n  
o f p la n ts  th a t h ad  b e e n  h a rd e n e d  p r io r  to  c h i l l in g .  F ig u r e  9 show s -  
th a t  in  C u c u m is  s a tiv u s  and S a in tp a u lia  g r a n d if lo r a  th e  d e c re a s e  in  
th e  p e rc e n ta g e  o f l in o le n ic  a c id  w a s  re d u c e d  i f  th e  p la n ts  h ad  b een  
h a rd e n e d  b e fo re  c h i l l in g .
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H o u rs  c h il le d
F ig .  7 . T im e  c o u rs e  o f ch an g es  in  p e rc e n ta g e  o f l in o le n ic  a c id  
in  c h lo ro p la s ts  on c h i l l in g  a t 5 ^ C , 85 p e r  c e n t R H * C o n tin u o u s  
l in e s  in d ic a te  c h i l l - s e n s i t iv e  p la n ts  and b ro k e n  l in e s  c h i l l - r e s is t a n t  
p la n ts .
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H o u rs  c h il le d
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F ig .  8 . T im e  c o u rs e  o f ch an g es  in  w e ig h t o f f a t t y - a c id  in  c h lo ro p la s ts  
on c h i l l in g  a t 5 ° C , 85 p e r  c e n t R H . C o n tin u o u s  l in e s  in d ic a te  c h i l l -  
s e n s it iv e  p la n ts  and b ro k e n  l in e s  c h i l l - r e s is t a n t  p la n ts .
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H o u rs  c h il le d
F ig .  9 . T im e  c o u rs e  o f ch an g es  in  p e rc e n ta g e  o f l in o le n ic  a c id  
in  th e  le a v e s  o f h a rd e n e d  and  n o n -h a rd e n e d  c h i l l - s e n s i t iv e  p la n ts  
on c h i l l in g  a t 5 ° C , 85 p e r  c e n t R H . C o n tin u o u s  l in e s  in d ic a te  p la n ts  
w h ic h  had  b e e n  h a rd e n e d  f o r  4 d a y s  a t 1 2 ° C , 95 p e r  cen t R H , b e fo re  
c h il l in g ,  and b ro k e n  l in e s  p la n ts  w h ic h  r e m a in e d  a t 2 5 ° C  b e fo re  
c h il l in g .
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D IS C U S S IO N
T h e  r e s u lts  o f th is  c h a p te r  cast fu r t h e r  doubt on th e  im p o r ta n c e  
o f th e  d e g re e  o f  u n s a tu ra t io n  o f th e  fa t ty -a c id s  as th e  d o m in a n t  
f a c to r  d e te r m in in g  th e  c r i t i c a l  t e m p e r a tu r e  a t w h ic h  the  p h ase  
ch an g e o c c u rs  in  p la n t  m e m b r a n e s . W h e n  p la n ts  w e r e  g ro w n  a t  
2 5 ^ C  u n d e r  s im i la r  l ig h t in g  c o n d it io n s , le a v e s  and c h lo ro p la s ts  
o f c h i l l - r e s is t a n t  s p e c ie s  d id  n o t c o n ta in  m o re  u n s a tu ra te d  f a t t y -  
a c id  th a n  c h i l l - s e n s i t iv e  s p e c ie s . T h is  r e s u lt  m a y  be due to  changes  
in  f a t t y - a c id  c o m p o s it io n  o f th e  le a v e s  (P . 182 ) and  c h lo ro p la s ts  
(N e w m a n , 1962) w ith  in c r e a s e  in  p h y s io lo g ic a l a g e , s in c e  th e  
v a r ia t io n  in  the  f a t t y - a c id  c o m p o s it io n  w ith  in c r e a s e  in  age  
c o u ld  n o t be e l im in a te d  in  th is  s tu d y  due to  p ro b lè m s  o f g ro w in g  
m a n y  d i f f e r e n t  s p e c ie s  w ith  le a v e s  o f id e n t ic a l  a g e s .
i
T h e r e  w as  no in c r e a s e  in  u n s a tu ra t io n  o r  w e ig h t  o f f a t t y - a c id  
on h a rd e n in g  c h i l l - s e n s i t iv e  s p e c ie s , e x c e p t f o r  a s lig h t  in c r e a s e  
in  the  p e rc e n ta g e  o f l in o le ic  a c id . I t  a p p e a rs  th a t  th e  in c re a s e s  in  
u n s a tu ra t io n  and w e ig h t o f f a t t y - a c id  th a t o c c u r  on h a rd e n in g  p la n ts  
to  s u b -z e r o  te m p e r a tu r e s  (P .  8 ) do n o t o c c u r  on h a rd e n in g  
c h i l l - s e n s i t iv e  p la n ts  to  c h i l l in g  t e m p e r a tu r e s .  A n  e x p la n a tio n  o f 
h a rd e n in g  in  c h i l l - s e n s i t iv e  s p e c ie s  m u s t t h e r e f o r e  be  sought
e ls e w h e re . U n fo r tu n a te ly  l i t t l e  is  kn o w n  a b o u t th e  ch an g es  in  th e  
l e v e l  o f c h o le s te ro l on h a rd e n in g  p la n t  t is s u e s . D a v is  and F in k n e r  
(1 9 7 2 ) d e te c te d  no in c r e a s e  in  th e  le v e l  o f c h o le s te r o l in  w h e a t shoots  
w h e n  the  t e m p e r a tu r e  w as  lo w e re d  f r o m  10 to  f^ C .  I t  is  p o s s ib le  
th a t  h a rd e n in g  a g a in s t c h i l l in g - in ju r y  r e s u lts  in  an in c re a s e  in  th e  
d e g re e  o f u n s a tu ra t io n  o f a s p e c if ic  m e m b ra n e  s y s te m  o r  l ip id  w h ic h  
w a s  n o t d e te c te d  b y  a n a ly s in g  to ta l  le a f  f a t t y - a c id .
 '    _ ______
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T h e  e ffe c ts  o f c h i l l in g  on th e  r e v e r s ib i l i t y  o f th e  p h a s e  change
I
T h e  d e c re a s e s  in  th e 'p e rc e n ta g e  o f l in o le n ic  a c id  and to ta l  
w e ig h t o f f a t t y - a c id  on c h i l l in g  le a v e s  o f c h i l l - s e n s i t iv e  s p e c ie s  •
(F ig s .  5 and 6 ) m a y  a l t e r  th e  te m p e r a tu r e  a t w h ic h  th e  p h a s e  y;#
chang e r e v e r s e s  on r e t u r n  to  th e  w a r m th .  T h e  t r a n s it io n  te m p e r a tu r e  
. depen ds on the  d e g re e  o f u n s a tu ra t io n  o f th e  f a t ty -a c id s  (L y o n s  and  /ÂI
A s m u n d s o n , 19 o 5 ). I f  the d e g re e  o f u n s a tu ra t io n  d e c re a s e s  d u r in g  
c h il l in g  th e n  th e  p h a se  change w i l l  o n ly  r e v e r s e  a t a m u c h  h ig h e r  
te m p e r a t u r e ,  p e rh a p s  too  h ig h  fo r  th e  g ro w th  o f th e  p la n t . I t  is  .
p o s s ib le  th a t  th e  d e c re a s e  in  l in o le n ic  a c id  in  s p e c if ic  m e m b ra n e  
s y s te m s  o u ts id e  th e  c h lo ro p la s t  m a y  be fa s te r  th a n  is  in d ic a te d  /ÿ
b y  th e  w h o le  le a f  a n a ly s e s , as show n by th e  in c r e a s e  in  th e  p e rc e n ta g e  ff-
o f l in o le n ic  a c id  in  th e  c h lo ro p la s ts  on c h i l l in g .  T h e  d e c re a s e s  in  
th e  p e rc e n ta g e  o f l in o le n ic  a c id  and w e ig h t o f f a t ty -a c id s  in  th e  
c h il le d  le a v e s  o f c h i l l - s e n s i t iv e  p la n ts  in d ic a te s  m e m b ra n e  
b re a k d o w n , and th is  m a y  e x p la in  th e  p r o g r e s s iv e  n a tu re  o f c h i l l in g -  
in ju r y  w ith  in c r e a s in g  le n g th  o f e x p o s u re  to  c h i l l in g  t e m p e r a tu r e s .
T h e  d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  in  the c h il le d  
le a v e s  o f c h i l l - s e n s i t iv e  p la n ts  m a y  be due to  a d e c re a s e  o f th is  
f a t t y - a c id  in  b o th  th e  n e u t r a l  and p o la r  l ip id  f r a c t io n s .  A l t e r n a t iv e ly ,  
th e  d e c re a s e  m a y  be e q u a lly  w e l l  e x p la in e d  b y  th e  fa c t  th a t  th e  
p o la r  l ip id s ,  M G D G  and D G D G , w h ic h  a r e  p r e d o m in a n t ly  e s t e r i f ie d  
w ith  l in o le n ic  a c id , a r e  p a r t ic u la r ly  r a p id ly  o x id is e d  as a s o u rc e  
o f e n e rg y , a lth o u g h  th e r e  is  v e r y  l i t t l e  e v id e n c e  th a t th e s e  l ip id s  
a r e  u s ed  as an e n e rg y  r e s e r v e  in  le a v e s . T h e  r a p id  d e c re a s e s  in  
l in o le n ic  a c id  on c h i l l in g  C u c u m is  s a tiv u s  and S a in tp a u lia  g r a n d if lo r a
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su g g es t th a t  th is  f a t t y - a c id  m a y  u n d e rg o  a u to x id a t io n  s in c e  u n s a tu ra te d ' 
f a t t y - a c id s  a r e  m o re  s u s c e p tib le  to a u to x id a tio n  th a n  s a tu ra te d  f a t t y -  
a c id s  (H itc h c o c k  and N ic h o ls ,  1 9 7 1 ). W h e th e r  th e  l in o le n ic  a c id  
a s s o c ia te d  w ith  a l l  th e  l ip id s  is  e q u a lly  s u s c e p tib le  to  a u to x id a tio n  
is  n o t kn o w n ^ a lth o u g h  i t  w o u ld  b e  e x p e c te d  th a t  th o s e  l ip id s  w ith  a 
h ig h  p e rc e n ta g e  o f l in o le n ic  a c id  such  as M G D G  w o u ld  be m o re  
s u s c e p tib le .
A u to x id a t io n  -
T h e  m e c h a n is m  o f th e  p r im a r y  p ro c e s s  o f a u to x id a t io n  is  
th e  fo r m a t io n  o f a h y d ro p e ro x id e  b y  a f r e e  r a d ic a l  c h a in  r e a c t io n  
and is  p ro b a b ly  h ig h ly  in ju r io u s  to  th e  c e lls  (C h r is to p h e rs o n ,  
1 9 6 9 ) . T h e  f r e e  r a d ic a ls  p ro d u c e d  in  p e r o x id is in g  l ip id - p r o t e in
r e a c t io n  s y s te m s  r e s u l t  in  p ro te in s  and e n z y m e s  lo s in g  t h e i r  - 1
Js o lu b i l i ty  and th e  d e s tru c t io n  o f t h e i r  c o n s titu e n t a m in o  a c id s  |
(R o u b a l and T a p p e l, 1 9 6 6 ). F u r t h e r m o r e ,  th e  p r im a r y
r e a c t io n  o f a u to x id a t io n  m a y ,be c a ta ly s e d  b y  lip o x y g e n a s e s  w h ic h  \
h a v e  b e e n  show n to  be  w id e ly  d is t r ib u te d  in  p la n t  le a v e s  (H o ld e n , 1 9 7 0 ). - ’
T h e  re s u lts  o f H a t e f i  and H a n s te in  (1 9 7 0 ) f u r t h e r  s u p p o rt th e  th e o ry  ',
th a t  a u to x id a tio n  m a y  o c c u r  on c h i l l in g .  T h e y  r e p o r te d  th a t  a |
p o te n t ia l ly  d e s t r u c t iv e  p ro c e s s  such  as l ip id  a u to x id a t io n  is  b u i l t  1
in to  the e n z y m ic  m a c h in e r y  o f m ito c h o n d r ia  and  th a t w h e n  m ito c h o n d r ia  S
a r e  u n d e r  s tre s s  b y  th e  o v e r lo a d in g  o r  e x h a u s tio n  o f s u b s tra te s , l ip id  
o x id a t io n  can  ta k e  p la c e .  W h e n  p h o to s y n th e s is  is  in h ib ite d  b y  c h i l l in g ,
I
i l lu m in a t io n  m a y  r e s u l t  in  a s e n s it iz e d  p h o to -o x id a t io n  w h ic h  o c c u rs
a t a m u ch  fa s t e r  r a t e  (C o b e rn , H o b b s , L u c a s  and M a c k e n z ie ,  1966 ; |
L o m a g in  and A n tro p o v a , 1 9 6 6 ). T h e  p re v e n t io n  o f p h o to -o x id a t io n
93.
b y  c h i l l in g  p la n ts  in  the  d a r k  m a y  e x p la in  th e  re d u c t io n  in  the  d e g re e  
o f d a m a g e  to  th e s e  p la n ts  ( P . 4 5 ). H a rd e n in g  m a y  p re v e n t  a u to x id a tio n  
by in c r e a s in g  th e  d e g re e  o f  u n s a tu ra t io n  o f m in o r  m e m b ra n e  
c o m p o n e n ts  no t d e te c te d  h e r e ,  thus lo w e r in g  th e  t e m p e r a tu r e  o f the  
p h a s e  c h a n g e , o r  b y  re d u c in g  th e  a c t iv i t y  o f lip o x y g e n a s e  on c h i l l in g .
In  a d d it io n , h a rd e n in g  m a y  re d u c e  a u to x id a tio n  b y  in c r e a s in g  th e  
a c t iv i t y  o f h y d ro p e ro x id e  is o m e r a s e s  w h ic h  h a v e  b e e n  show n to  be  
w id e ly  d is t r ib u te d  in  p la n t  t is s u e s  (Z im m e r m a n ,  V ic k  and B o rg , 1 9 7 4 ). 
A n  in c r e a s e  in  th e  r a t io  o f N A D P H r N A D P  a ls o  o c c u rs  on h a rd e n in g  
(K u r a is h i ,  e t a l .  , 1 96 8 ) w h ic h  m a y  stop l ip id  p e ro x id a t io n  b y  s c a v e n g in g  
th e  o x yg en  in  th e  c e l l .
T h e  e ffe c ts  o f c h i l l in g  on c h lo ro p la s t  f a t t y - a c id  c o m p o s it io n
In  c h i l l - s e n s i t iv e  s p e c ie s  th e  p e rc e n ta g e  o f l in o le n ic  a c id  and to ta l
w e ig h t o f f a t t y - a c id  in  th e  c h lo ro p la s ts  in c re a s e d  on c h il l in g  and
d e c re a s e d  in  th e  c h i l l - r e s is t a n t  s p e c ie s . T h e s e  d i f fe r e n t  re s p o n s e s  to
c h il l in g  m a y  be due to  ch an g es  in  th e  a m o u n t o f o s m io p h il ic  g lo b u le s
in  th e  c h lo ro p la s t  s in c e  th e y  h a v e  b e e n  show n to  h a v e  a g a la c to lip id
c o m p o s it io n  (G ib b s , 1 9 7 1 ). D u r in g  th e  d e g e n e ra t io n  o f s e n e s c e n t o r
d a m a g e d  c h lo ro p la s ts  the  n u m b e r  o f g lo b u le s  in c re a s e s  w h ic h  m a y  be
th e  ca u s e  o f th e  in c r e a s e  in  l in o le n ic  a c id  and  w e ig h t o f fa t t y - a c id  in
c h lo r 'o p la s ts  on c h i l l in g  c h i l l - s e n s i t iv e  s p e c ie s . T h e  d e c re a s e  in  th e
p e rc e n ta g e  o f l in o le n ic  a c id  and  to ta l ,w e ig h t  o f f a t t y - a c id  in  the
c h lo ro p la s ts  o f c h i l l - r e s is t a n t  s p e c ie s  on c h i l l in g  m a y  be due to  th e
u t i l i z a t io n  o f th e  o s m io p h il ic  g lo b u le s  f o r  m e m b ra n e  s y n th e s is  o u ts id e
th e  c h lo ro p la s ts . I t  h a s  b e e n  show n th a t th e s e  g lo b u le s  m a y  s e rv e  as
r e s e r v o i r s  o f l ip id  f o r  m e m b ra n e  d e v e lo p m e n t, and h a rd e n in g  o f  
1
c h i l l - r e s is t a n t  s p e c ie s  a g a in s t  f r o s t -d a m a g e  is  th o u g h t to  r e s u lt  in  
in c re a s e d  m e m b ra n e  s y n th e s is  (P . 17 5 ).
B e c a u s e  the f a t t y - a c id  c o m p o s it io n  o f the  c h lo ro p la s t  m a y  f lu c tu a te  
a c c o rd in g  to  l ig h t  in te n s ity  and the a m o u n t o f o s m io p h il ic  g lo b u le s  
p re s e n t ,  the  f a t t y - a c id  c o m p o s it io n  o f th e s e  o rg a n e lle s  m a y  b e a r  
l i t t l e  r e la t io n  to  t h e i r  c h i l l  -  s en s i t  iv  i t y . N ic h o ls ,  Stubbs and J a m e s  
( 1 9 6 7 ) h a v e  show n th a t l ig h t  in c re a s e s  the  d e g re e  o f u n s a tu ra t io n  o f th e  
g ly c o lip id s  and , to  a le s s e r  e x te n t, th e  p h o s p h o lip id s  o f c a s to r  le a f  
c h lo ro p la s ts .  T h is  s itu a t io n  is  a n a lo g o u s  to th a t  w h ic h  o c c u rs  on 
th e  d ie ta r y  m o d if ic a t io n  o f r a t  l i v e r  m ito c h o n d r ia  ( W i l l ia m s ,  e t a l .  , 1972) 
w h ic h  re s u lte d  in  la r g e  in c re a s e s  in  u n s a tu ra t io n  o f th e  m e m b ra n e  
p h o s p h o lip id s  b u t d id  n o t a l t e r  th e  t r a n s it io n  te m p e r a tu r e .
In  c o n c lu s io n , th e  r e s u lts  su g g e s t th a t th e  d e g re e  o f u n s a tu ra t io n  
o f th e  to ta l  m e m b ra n e  fa t t y - a c id s  does no t h a v e  a d o m in a n t r o le  in  
d e te r m in in g  th e  t e m p e r a tu r e  a t w h ic h  th e  p h a se  chan ge o c c u rs  in  
c h i l l - s e n s i t iv e  p la n ts .  I t  is  p o s s ib le  th a t  th e  t r a n s it io n  te m p e r a tu r e  
is  d e p e n d e n t on th e  d e g re e  o f u n s a tu ra t io n  o f s p e c if ic  l ip id  c o m p o n e n ts  
such as th e  p h o s p h o lip id s  and n o t th e  o v e r a l l  f a t t y - a c id  c o m p o s it io n  o f 
the  l ip id  m a t r ix .  H a rd e n in g  m a y  th e r e fo r e  p ro d u c e  in c re a s e s  in  
un s a tu ra t io n  o f s p e c if ic  l ip id s  w h ic h  a r e  o n ly  m in o r  c o m p o n en ts  o f  
m e m b ra n e s  in  t e r m s  o f to ta l  f a t t y - a c id  c o m p o s it io n , as in d ic a te d  
b y  th e  s lig h t in c r e a s e  in  l in o le ic  a c id  on h a rd e n in g . T h e  changes  
in  th e  f a t t y - a c id  c o m p o s it io n  o f le a f  p h o s p h o lip id s  and g ly c o lip id s  
in  r e la t io n  to  h a rd e n in g  an d  c h i l l in g - in ju r y  a r e  r e p o r te d  in  th e  
fo llo w in g  c h a p te r .
'
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T h e  le a v e s  and c h lo ro p la s ts  o f c h i l l - r e s is t a n t  p la n ts  g ro w n  a t  
2 5 ° C  d id  not c o n ta in  m o r e  u n s a tu ra te d  fa t t y - a c id  th a n  c h i l l - s e n s i t iv e  
p la n ts . F u r t h e r m o r e ,  w hen  c h i l l - s e n s i t iv e  p la n ts  w e r e  h a rd e n e d  
th e r e  w as no in c re a s e  in  th e  a m o u n t o f u n s a tu ra te d  fa t t y - a c id  in  the  
le a v e s  o r  c h lo ro p la s ts ,  e x c e p t fo r  a s lig h t in c r e a s e  in  l in o le ic  a c id .  
H a rd e n in g  d id  not in c r e a s e  the  w e ig h t o f f a t t y - a c id  in  th e  le a v e s  o r  
c h lo ro p la s ts  o f e ith e r  the  c h i l l - s e n s i t iv e  o r  c h i l l - r e s is t a n t  p la n ts .
T h e r e f o r  exchanges w h ic h  o c c u r  on h a rd e n in g  p la n ts  to  s u b -z e ro . I
t e m p e r a tu r e s  d id  no t o c c u r  on h a rd e n in g  c h i l l - s e n s i t iv e  s p e c ie s . -kl
a"J
T h e s e  r e s u lts  c a s t f u r t h e r  doubts  on the im p o r ta n c e  o f the  to ta l d e g re e  , -i
o f u n s a tu ra t io n  o f th e  m e m b ra n e  fa t ty -a c id s  in  d e te r m in in g  th e  
c r i t i c a l  te m p e r a tu r e  a t w h ic h  th e  p h ase  change o c c u rs  in  the  l ip id  
l a y e r  o f th e  m e m b ra n e s .
à
W h e n  c h i l l - s e n s i t iv e  le a v e s  a r e  c h il le d  th e  p e rc e n ta g e  o f l in o le n ic  
a c id  and to ta l  w e ig h t o f f a t t y - a c id  d e c re a s e s  r a p id ly  bu t re m a in s  ’ ‘
30
c o n s ta n t in  c h i l l - r e s is t a n t  s p e c ie s . In  th e  c h lo ro p la s ts  o f c h i l l - s e n s i t iv e   ^ I
■ .  .  - is p e c ie s  th e  p e rc e n ta g e  o f l in o le n ic  a c id  and w e ig h t o f f a t t y - a c id  in c re a s e s  i 
on c h il l in g  in d ic a t in g  th a t  th e  d e c re a s e  in  l in o le n ic  a c id  in  m e m b ra n e  %j
-"T'ls y s te m s  o u ts id e  th e  c h lo ro p la s t  m a y  be la r g e r  th a n  th a t in d ic a te d  b y  ,
the f a t t y - a c id  a n a ly s is  o f th e  w h o le  le a f .  H a rd e n in g  m a y  re d u c e  th e  y |
td e g re e  o f d a m a g e  to  th e  p la n t b y  s lo w in g  dow n d e t r im e n t a l  p ro c e s s e s  ' i
î"'!
such  as th e  d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  w h ic h
.
o c c u rs  in  the  le a v e s  o f c h i l l - s e n s i t iv e  s p e c ie s  on c h i l l in g .
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C H A P T E R  P O U R
T H E  A C C L IM A T IZ A T IO N  O F  P L A N T S  T O  C H IL L IN G  
T E M P E R A T U R E S  IN  R E L A T IO N  ,T O  T H E  F A T T Y - A C I D  
C O M P O S IT IO N  O F  L E A F  P O L A R  L IP ID S
IN T R O D U C T IO N  * t
In  th e  p re v io u s  c h a p te r  a c o m p a r is o n  o f th e  f a t t y - a c id  c o m p o s it io n s  o f  
the  le a v e s  and c h lo ro p la s ts  o f 13 s p e c ie s  o f  c h i l l - s e n s i t iv e  and  c h i l l -  
r e s is ta n t  p la n ts  g ro w n  a t 2 5 ° C  show ed  no d if fe r e n c e s  w h ic h  co u ld  be  
r e la te d  to  s u s c e p t ib i l i ty  to  c h i l l in g - in ju r y .  F u r t h e r m o r e ,  no in c r e a s e  
in  th e  d e g re e  o f u n s a tu ra t io n  o f th e  to ta l  le a f  and  c h lo ro p la s t  fa t ty -a c id s  
cou ld  be d e te c te d  d u r in g  th e  h a rd e n in g  o f 4 c h i l l - s e n s i t iv e  s p e c ie s  
a t  1 2 ° C , e x c e p t f o r  a s m a l l  in c r e a s e  in  l in o le ic  a c id  (C h a p te r  3 ).
B e c a u s e  the  f a t ty -a c id s  a s s o c ia te d  w ith  the p h o s p h o - and g ly c o lip id s  
c o m p r is e  o n ly  22 and 38 p e r  c e n t r e s p e c t iv e ly  o f th e  to ta l  le a f  f a t t y - a c id ,  
i t  s e e m e d  p o s s ib le  th a t  ch an g es  in  u n s a tu ra t io n  o f th e  p o la r  l ip id s  on 
h a rd e n in g  m ig h t n o t h a v e  b e e n  d e te c te d  b y  a n a ly s in g  to ta l  le a f  f a t t y -  
a c id  due to the  v e r y  s m a ll  ch an g es  in v o lv e d .
T h r e e  in v e s t ig a t io n s  h a v e  su g g e s te d  th a t th e  t e m p e r a tu r e  a t w h ic h  .J
th e  p h as e  ch an g e o c c u rs  m a y  be r e la te d  to  th e  d e g re e  o f u n s a tu ra t io n
..
o f th e  p h o s p h o lip id s  and  n o t th e  o v e r a l l  f a t t y - a c id  c o m p o s it io n  o f th e
l ip id  la y e r .  F i r s t l y ,  L y o n s , e t a l .  , (1 9 6 4 ) found  th a t th e  fa t ty -a c id s  o f -
- ' ■ '1 m ito c h o n d r ia  is o la te d  f r o m  c h i l l - r e s is t a n t  f r u i t s  w e r e  m o re  u n s a tu ra te d  i
th a n  th o se  o f c h i l l - s e n s i t iv e  f r u i t s .  B e c a u s e  54 p e r  cen t o f the  to ta l  |
l ip id  o f p la n t  m ito c h o n d r ia  is  p h o s p h o lip id  (P , 11 ), i t  a p p e a rs  th a t
97.
t h e i r  r e s u lts  w e r e  due  to  a g r e a t e r  d e g re e  o f u n s a tu ra t io n  o f th e  
p h o s p h o lip id s  in  c h i l l - r e s is t a n t  s p e c ie s . S e c o n d ly , S h n e y o u r, e t  
a l . ,  (1 9 7 3 ) h a v e  show n th a t in  c h lo ro p la s ts  o f c h i l l - s e n s i t iv e  s p e c ie s  
a  p h a s e  change o c c u r r e d  a t 1 2 ° C , e v e n  though  th e  o v e r a l l  d e g re e  o f 
u n s a tu ra t io n  is  la r g e  in  th e s e  o rg a n e lle s  due to  h ig h  le v e ls  o f M G D G  
and  D G D G  and th e r e fo r e  a p h a s e  change w o u ld  n o t be e x p e c te d  u n t i l  
w e l l  b e lo w  0 ° C .  T h i r d ly ,  S te im  (1 9 7 2 ) has show n th a t changes  in  th e  
a c t iv e  t r a n s p o r t  o f m e m b ra n e s  o f E s c h e r ic h ia  c o l i  ta k e  p la c e  a t  
d is c r e e t  t e m p e r a tu r e s ,  a n y w h e re  w ith in  the  te m p e r a tu r e  ra n g e  
c ir c u m s c r ib e d  b y  th e  b u lk  p h a s e  change as d e te c te d  b y  c a lo r im e t r y .
T h e s e  ch an g es  in  a c t iv e  t r a n s p o r t  a r e  c o n s id e re d  to  be due to  l ip id  
p h a s e  ch an g es  in  th e  im m e d ia te  n e ig h b o u rh o o d  o f th e  e n z y m e  p r o te in .  
T h e r e f o r e ,  i t  w a s  d e c id e d  to  in v e s t ig a te  the  f a t t y - a c id  c o m p o s it io n s  o f 
th e  p o la r  l ip id s  o f le a v e s  in  r e la t io n  to  t h e i r  c h i l l - s e n s i t iv i t y .
A lth o u g h  to ta l  f a t t y - a c id  a n a ly s e s  o f th e  m ito c h o n d r ia  is o la te d  
f r o m  c h i l l - s e n s i t iv e  and c h i l l - r e s is t a n t  f r u i t s  h a v e  b e e n  m a d e  (L y o n s ,  
e t a l .  , 1 9 6 4 ) , no a n a ly s e s  h a v e  b e e n  p e r fo r m e d  to  d e te r m in e  th e  
f a t t y - a c id  c o m p o s it io n  o f in d iv id u a l m e m b r a n e - l ip id  co m p o n en ts  in  
p la n t  le a v e s  g ro w n  a t 2 5 ° C  in  r e la t io n  to  t h e i r  s u s c e p t ib i l i ty  to  
c h il l in g  -  in j u r y . B e c a u s e  i t  is  n o t p o s s ib le  to  is o la te  m ito c h o n d r ia  
f r o m  le a v e s  due to  c h lo ro p la s t  c o n ta m in a tio n , i t  w a s  c o n s id e re d  
th a t  a n a ly s is  o f th e  f a t t y - a c id  c o m p o s it io n  o f th e  p o la r  l ip id s  o f 
c h i l l - s e n s i t iv e  and r e s is ta n t  le a v e s  g ro w n  a t 2 5 ° C  w o u ld  r e v e a l
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a n y  d if fe r e n c e s  w h ic h  co u ld  be r e la te d  to  the  c h i l l - s e n s i t iv i t y  o f  
the  s p e c ie s . H o w e v e r ,  i t  is  no t p o s s ib le  to  d e te r m in e  f r o m  w h ic h  
m e m b ra n e  s y s te m  th e  p h o s p h o lip id  o r ig in a te d  s in c e  a l l  m e m b ra n e s  
c o n ta in  s ig n if ic a n t  a m o u n ts  o f  e v e r y  p h o s p h o lip id  p re s e n t  in  the  
le a f  (T a b le  19 ) .
A n a ly s e s  o f th e  p o la r  l ip id s  o f le a v e s  in  r e la t io n  to  h a rd e n in g  
and  c h i l l in g  h a v e  so f a r  b e e n  c o n fin e d  to  th e  m e a s u re m e n t  o f w e ig h t <
o f p h o s p h o lip id  as th e  m e th o d  o f  a n a ly s is  h a s , u n t i l  r e c e n t ly ,  
in v o lv e d  th e  d e s tru c t io n  o f th e  f a t t y -a c id s  (W r ig h t  and S im o n , 1 97 3 ;
G u in n , 1 9 7 1 ). W r ig h t  and S im o n  (1 9 7 3 ) found  th a t th e  w e ig h t o f a l l  
p h o s p h o lip id s  d e c re a s e d  r a p id ly  a f t e r  c h i l l in g  c u c u m b e r  le a v e s  fo r  
2 d a ys  and G u in n  (1 9 7 1 ) sh o w ed  th a t the  le v e l  o f l ip id  s o lu b le  
p h o s p h a te  d e c re a s e d  on h a rd e n in g  G o s s y p iu m  h ir s u t u m . G a s - l iq u id  
c h ro m a to g ra p h y  o f th e  m e th y l e s te r s  o f the  f a t ty -a c id s  w ith  added  
in t e r n a l  s ta n d a rd  n o w  e n a b le s  th e  d e te r m in a t io n  o f b o th  w e ig h t  
an d  f a t t y - a c id  c o m p o s it io n  o f th e  l ip id  f r o m  a s in g le  s a m p le  
( C h r is t ie ,  N o b le  and M o o r e ,  1 9 7 0 ). T h e  e s t é r i f ic a t io n  o f th e  f a t t y -  
a c id s  can  be p e r fo r m e d  d i r e c t ly  on th e  t h in - la y e r  a d s o rb e n t u se d  . |
in  th e  s e p a ra t io n  o f th e  l ip id s  b y  t h in - la y e r  c h ro m a to g ra p h y  
( C h r is t ie ,  1 9 7 2 ). T h is  c h a p te r  r e p o r ts  th e  ch an g es  in  w e ig h t and  
f a t t y - a c id  c o m p o s it io n  o f the  p o la r  l ip id s  o f  tw o  c h i l l - s e n s i t iv e  
s p e c ie s , P h a s e o lu s  v u lg a r is  and  G o s s y p iu m  h ir s u tu m  and one  
c h i l l - r e s is t a n t  s p e c ie s , H o rd e u m  v u lg a r e ,  on e x p o s u re  to  a 
h a rd e n in g  te m p e r a tu r e  o f 12 ^ C , 95 p e r  c e n t R H  an d  a c h i l l in g  t e m p e r a t u r e ,  
o f 5 C , 85 p e r  c e n t R H . In  a d d it io n , th e  ch an g es  in  th e  f a t t y - a c id  „
c o m p o s it io n  o f th e  p o la r  l ip id s  o f P h a s e o lu s  v u lg a r is  d u r in g  4 d a y s  I
g ro w th  a t 5 ^ C , 100 p e r  c en t R H  and 12 ^ C , 100 p e r  c en t R H , w e re
99.
fo llo w e d . T h e s e  t r e a tm e n ts  a t 100 p e r  cen t R H , b y  e n c lo s u re  in  
p o ly th e n e  b a g s , w e r e  n o t e f fe c t iv e  a g a in s t s u b se q u e n t c h i l l in g  a t  
5 ° C ,  85 p e r  c e n t R H  (P . 3 5 ). T h e  changes in  th e  f a t t y - a c id  c o m p o s it io n  
o f the p o la r  l ip id s  o f E p is c ia  re p ta n s  d u r in g  th e  in e f fe c t iv e  h a rd e n in g  
a t 1 5 °C , 95  p e r  c e n t R H , w e r e  a ls o  in v e s t ig a te d .
F in a l ly ,  a c o m p a r is o n  w a s  m a d e  o f th e  ch an g es  in  w e ig h t and  f a t t y -  
a c id  c o m p o s it io n  o f the  p o la r  l ip id s  o f c h i l l - s e n s i t iv e  and r e s is ta n t
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p la n ts  w ith  in c r e a s e  in  p h y s io lo g ic a l age o v e r  a 4 - d a y  p e r io d  a t 
2 5 ° C  b e c a u s e  i t  h ad  b e e n  d is c o v e re d  th a t o ld e r  le a v e s  o f c h i l l  -
s e n s it iv e  s p e c ie s  w e re  m o re  s u s c e p tib le  to  c h i l l in g - in ju r y
(C h a p te r  1). T h e s e  e x p e r im e n ts  p ro v id e d  f u r t h e r  c o n tro ls  fo r  4
1the  changes w h ic h  o c c u r r e d  d u r in g  h a rd e n in g . R e s e a rc h  on th e
ch an g es  in  the f a t t y - a c id  c o m p o s it io n  o f a l f a l f a  le a v e s  d u r in g  
m a tu r a t io n  has  show n th a t th e  p e rc e n ta g e  o f l in o le n ic  a c id  d e c re a s e s   ^ J
f r o m  30 to  10 p e r  c en t o f th e  to ta l  w e ig h t o f p h o s p h o lip id  f a t t y - a c id  
o v e r  200 d ays  (K lo p fe n s te in  and S h ig le y , 1 9 6 7 ). D u r in g  th is  p e r io d  
p a lm it ic  a c id  in c r e a s e d  b y  10 p e r  c e n t and l in o le ic  a c id  b y  4 p e r  c e n t. 
S im i la r  re s u lts  w e r e  o b ta in e d  b y  H a w k e  (1 9 6 3 ) w ho a n a ly s e d  the  to ta l  
le a f  f a t t y - a c id  .c o m p o s itio n  o f r y e  g ra s s  and fo r  th e  c h lo ro p la s ts  o f  
b ush  b e a n  nodes b y  N e w m a n  (1 9 6 2 ) .
T a b le  19. D is t r ib u t io n  o f p o la r  l ip id s  in  th e  v a r io u s  c e l l  
f r a c t io n s  is o la te d  f r o m  to b a c c o  le a v e s  (D a ta  f r o m  O ngun, 
e t a l .  , 1 9 6 8 ) . V a lu e s  a r e  e x p re s s e d  as a p e rc e n ta g e  o f 
th e  to ta l  w e ig h t o f th e  l ip id  p r e s e n t .
L ip id s
C h lo ro p la s t  
1 ,0 0 0  G
M ito c h o n d r ia l  
f r a c t io n  
15, 000 G
S u p e rn a ta n t
G ly c o lip id s ;
M G D G 83 8 9
D G D G 88 3 9
S L 76 14 9
T o ta l
g ly c o lip id 82 8 . 9
d is t r ib u t io n
P h o s p h o lip id s :
P C 27 12 59
P E 38 19 42
P I 13 56 30
P G 74 13 12
T o ta l
p h o s p h o lip id
d is t r ib u t io n
38 25 36
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M A T E R IA L S  A N D  M E T H O D S
1. G ro w th  and h a rd e n in g  c o n d itio n s
T h e  seed s  o f c h i l l - s e n s i t iv e  and r e s is ta n t  p la n ts  w e r e  sow n in  
7 c m s  pots  c o n ta in in g  John  In n e s  p o tt in g  c o m p o s t N o . 2 and  
g e rm in a te d  in  th e  h o t-h o u s e  u n d e r  m is t  s p ra y  a t a p p r o x im a te ly  
2 5 ° C  b e fo re  t r a n s f e r  to  th e  g ro w th  c a b in e t a t 2 5 ° C  and 95  p e r  
c en t r e la t iv e  h u m id ity .  T h e  seed s  o f P h a s e o lu s  v u l g a r  is  ( c h i l l -  
s e n s it iv e )  w e r e  g e rm in a te d  fo r  4 days  in  th e  h o t-h o u s e  u n t i l  
th e  seed  a p p e a re d  ab o v e  th e  s u r fa c e  o f th e  s o i l .  T h e y  w e r e  th e n  
t r a n s f e r r e d  to  th e  g ro w th  c a b in e t fo r  3 d ays  and  th e  f i r s t  tw o  
le a v e s  u s ed  fo r  th e  a n a ly s e s . In  th e  case  o f G o s s y p iu m  h ir s u tu m  
c v . P a r r o t  ( c h i l l - s e n s i t iv e )  th e  t h i r d  le a f  w as  u s e d  f o r  the  
a n a ly s e s  as th e  f i r s t  tw o  le a v e s  w e r e  o f p o o r  q u a lity .  T h e  p la n ts  
w e r e  g ro w n  fo r  13 days  u n d e r  h o t-h o u s e  c o n d itio n s  u n t i l  th e  t h ir d  
l e a f  ju s t  b e c a m e  v is ib le  and  th e n  t r a n s f e r r e d  to  th e  g ro w th  c a b in e t  
fo r  5 d a y s . H o rd e u m  v u lg a r e  ( c h i l l - r e s is t a n t )  w a s  sow n a t a 
d e n s ity  o f 10 seed s  p e r  p o t and  g e rm in a te d  in  th e  h o t-h o u s e  fo r  
3 d a y s  u n t i l  th e  shoot a p p e a re d  ab o ve  th e  s u r fa c e  o f th e  s o il .  T h e  
p la n ts  w e re  th e n  g ro w n  in  th e  g ro w th  c a b in e t f o r  4  days  an d  th e  
f i r s t  le a f  u s e d  f o r  th e  a n a ly s e s . D u e  to  th e  s lo w  g ro w th  ra te  o f  
E p is c ia  re p ta n s  t h e  le a v e s  o f  th is  s p e c ie s  co u ld  n o t be  g ro w n  
e n t i r e ly  u n d e r  g r o w th -c a b in e t  c o n d it io n s . T h e r e f o r e  th e  young  
le a v e s  o f 8 - w e e k - o ld  c u ttin g s  w h ic h  h ad  b e e n  g ro w n  u n d e r  m is t  
s p ra y  in  the  h o t-h o u s e  w e r e  u se d  fo r  th e  e x p e r im e n ts .  B e c a u s e  
E p is c ia  re p ta n s  is  c h i l l - in ju r e d  a t 1 2 ° C  and does  n o t h a rd e n  
a g a in s t c h i l l in g  a t 8 ^ C  b y  4  d a y s ' g ro w th  a t 1 5 °  C , young  le a v e s
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o f th is  s p e c ie s  w h ic h  h a d  b e e n  g ro w n  fo r  4 d ay s  a t 1 5 °C  w e re  
a n a ly s e d  to  d e te r m in e  w h e th e r  the  changes  in  the f a t t y - a c id  
c o m p o s it io n  o v e r  th is  p e r io d  w e r e  s im i la r  to  th o s e  w h ic h  
o c c u r r e d  d u r in g  th e  e f fe c t iv e  h a rd e n in g  o f G o s s y p iu m  h ir s u tu m  
and P h a s e o lu s  v u lg a r is .
A f t e r  th e  r e q u is i te  p e r io d  f o r  the  e x p a n s io n  o f the le a v e s  o f  
P h a s e o lu s  v u lg a r is , G o s s y p iu m  h irs u tu m  and He«^deum v u lg a r e  
a t 2 5 ° C , th e  p la n ts  w e r e  g iv e n  the  fo llo w in g  te m p e r a tu r e  t r e a t m e n t s : -
1) H a rd e n e d  fo r  4  d ay s  a t 1 2 ° C , 95 p e r  c e n t R H , and th e n  
c h il le d  a t 5 ° C ,  85 p e r  c e n t R H .
2) C h i l le d  d i r e c t ly  a t 5 ° C ,  85 p e r  c en t R H  h a v in g  r e c e iv e d  
no h a rd e n in g  t r e a tm e n t .
3) P la n ts  o f P h a s e o lu s  v u lg a r is  w e re  g ro w n  fo r  4  d a ys  a t
o o
12 C , 100 p e r  c en t R H , o r  5 C , 100 p e r  c e n t R H , b y  
e n c lo s u re  in  p o ly th e n e  b a g s . T h e s e  t r e a tm e n ts  w e re  n o t  
e f fe c t iv e  in  p re v e n t in g  in ju r y  on su b s eq u e n t c h i l l in g  a t 5 ° C ,
85 p e r  c en t R H  (P . 3 5 ).
4 ) G ro w n  f o r  a f u r t h e r  4  d a ys  a t 2 5 ° C  as c o n tro ls  fo r  the  
h a rd e n in g  t r e a tm e n ts .
I t  w as  c o n s id e re d  th a t  th e  te m p e r a tu r e  t r e a tm e n ts  d e s c r ib e d  
ab o ve  m a y  h a v e  a l t e r e d  th e  s u s c e p t ib i l i ty  o f c h i l l - r e s is t a n t  
H o rd e u m  v u lg a r e  to  f r o s t - in j u r y .  G ro w th  o f th is  s p e c ie s  fo r  1 d a y  
a t 5 ° C  o r  4 d a y s  a t 1 2 ° C  m ig h t  in c r e a s e  th e  r e s is ta n c e  o f th e  p la n ts  
to  s u b -z e r o  te m p e r a tu r e s ,  and th e  g ro w th  o f th e  c o n tro ls  fo r  a  
f u r th e r  4  d a ys  a t 2 5 ° C  m a y  lo w e r  th e  r e s is ta n c e  o f th e  p la n ts  to  ’
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f r o s t - in j u r y .  T o  te s t  th e s e  h y p o th e s e s , p la n ts  o f  H o rd e u m  v u lg a r e  
w e r e  f r o z e n  a t - 4 ° C  f o r  8 , 13 and 24 h o u rs . U n fo r tu n a te ly  the  
p la n ts  had  to  be f r o z e n  in  th e  d a r k  as the  te m p e r a tu r e  o f th e  g ro w th  
c a b in e t co u ld  n o t be lo w e r e d  to  - 4 ° C  w ith  th e  l ig h ts  on. R e s is ta n c e  
to  f r e e z in g  w as  e s t im a te d  as th e  n u m b e r  o f p la n ts  a l iv e  a f t e r  
7 2  h o u rs  r e c o v e r y  a t 15 to  2 0 ° C j 70 p e r  cen t R H .
2. L ip id  e x t r a c t io n
T h e  le a v e s  w e re  im m e r s e d  in  l iq u id  n it ro g e n , g ro u n d  in  a  
p e s t le  and  m o r t a r  and im m e d ia t e ly  f r e e z e - d r ie d  fo r  24 h o u rs  
to  0 , 02 m m  H g . T h e  d r ie d  m a t e r ia l  w as  th e n  g ro u n d  and  p a s s e d  
th ro u g h  a 5 0 0 ju m  s ie v e  f r o m  w h ic h  1 g w as  ta k e n  fo r  a n a ly s is .  
S a m p le s  w e re  s to re d  o v e r  a n h y d ro u s  c a lc iu m  c h lo r id e  in  a  
v a c u u m  d e s ic c a to r  a t - 2 0 ° C .
, L ip id s  w e r e  e x t ra c te d  b y  a m o d if ic a t io n  o f  th e  m e th o d  o f B lig h  
and  D y e r  (s ee  P .  69 ) and th e  e x t r a c t  w as  r o t a r y  e v a p o ra te d  to  
d ry n e s s  a t 3 0 ° C . T h e  f la s k  w a s  th e n  c o o le d  in  ic e  and 2 m l  o f  
ic e - c o ld  c h lo r o fo r m  w a s  u s e d  to  d is s o lv e  th e  e x t r a c t .
3 . T h in - la y e r  c h ro m a to g ra p h y
. T h e  t h in - la y e r  p la te s  w e r e  c le a n e d  b y  s o a k in g  in  c o n c e n tra te d  
s u lp h u r ic  a c id  an d  th e n  w a s h in g  s e v e r a l  t im e s  in  h o t w a te r  b e fo re  
f in a l ly  r in s in g  in  d is t i l le d  w a t e r .  T h e  p o la r  l ip id s  w e r e  s e p a ra te d  
b y  tw o -d im e n s io n a l  t h in - la y e r  c h ro m a to g ra p h y  on g la s s  p la te s  
(20 cm s X  20 c m s ) c o a te d  w ith  a 1 m m  th ic k  la y e r  o f s i l ic a  g e l G 
( M e r c k ) .  T h e  p la te s  w e r e  a llo w e d  to  d r y  o v e rn ig h t  a f t e r  s p re a d in g
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th e  s i l ic a  g e l and  th e n  d r ie d  fo r  30 m in u te s  a t 1 1 0 ° C . A f t e r  
c o o lin g  fo r  10 m in u te s  in  a d e s ic c a to r  c a b in e t an  a liq u o t  (0 . 1 m l)  
o f th e  e x t r a c t  w a s  a p p lie d  as a spot to  each  p la te  and a llo w e d  to  
,d r y  fo r  5 m in u te s . T h e  p la te s  w e re  d e v e lo p e d  c h lo r o fo r m ;  
m e th a n o l;  a m m o n iu m  h y d ro x id e  (6 5 :3 0 :4 )  fo r  th e  f i r s t  d ir e c t io n  
and  c h lo r o fo r m ;  m e th a n o l;  a c e t ic  a c id ;  w a te r  (1 7 0 :2 5 :2 5 :6 )  in  
th e  second  d ir e c t io n  (N ic h o lls  and  J a m e s , 1 9 6 4 ). T o  a l l  s o lu tio n s  
5 0 y U g /m l o f 2, 6 - d i t - ' . r t - b u t y l - p - c r e s o l  w as  added  as a n t i -o x id a n t .
T h e  c h ro m a to g ra p h y  ta n k s  w e r e  lin e d  w ith  f i l t e r  p a p e r ,  th e  l id s  
s e a le d  w ith  s il ic o n e  g re a s e  and a h e a v y  w e ig h t , and a llo w e d  to  
e q u il ib r a te  fo r  12 h o u rs  b e fo re  u s e . T h e  p la te s  w e r e  d e v e lo p e d  
f o r  one h o u r  in  ea ch  d ir e c t io n  and d r ie d  fo r  15 m in u te s  b e tw e e n  
d e v e lo p m e n ts  o v e r  a s lo w  s t r e a m  o f n it ro g e n  gas a t 2 5 ° C .
4 . Id e n t i f ic a t io n  o f l ip id s
' ,  T h e  l ip id  spo ts  w e r e  d e te c te d  w ith  io d in e  v a p o u r  and i n i t i a l l y  
id e n t i f ie d  b y  c o m p a r is o n  w ith  p u b lis h e d  r e s u lts  o b ta in e d  u n d e r  
s im i la r  c o n d itio n s  (O n g u n , T h o m s o n  and M u d d , 1 9 6 8 ). T h e  
p h o s p h o lip id s  w e r e  id e n t i f ie d  b y  s p ra y in g  th e  p la te s  w ith  
m o ly b d e n u m  re a g e n t  (A l le n  and G ood, 1 970 ) and b y  c h ro m a to g ra p h y  
w ith  s ta n d a rd s  e x c e p t fo r  p h o s p h a tid y l g ly c e r o l  w h ic h  w as  no t 
a v a i la b le .  S ta n d a rd s  w e r e  s u p p lie d  b y  th e  S ig m a  C h e m ic a l C o . L td . . 
F iv e  p h o s p h o lip id s  w e r e  id e n t i f ie d : -
S ta n d a rd  u s e d  in
L ip id  A b b r e v ia t io n  id e n t i f ic a t io n  4
P h o s p h a t id y l c h o lin e  P C  D L  -oC - L e c i th in ,  s y n th e tic
P h o s p h a tid y l e th a n o la m in e  P E  D L  -OG C e p h a lin , s y n th e tic
(p r a c t ic a l  g ra d e )
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L ip id
P h o s p h a t id y l in o s ito l  
P h o s p h a t id y l g ly c e r o l  
P h o s p h a t id ic  a c id
A b b r e v ia t io n
S ta n d a rd  u s e d  in  
id e n t i f ic a t io n
P I  B r a in  E x t r a c t ,  ty p e  I  .
P G  N o t a v a ila b le  f
P A  P h o s p h a tid ic  a c id ,
s o d iu m  s a lt .  (L y o p h il iz e d  
f r o m  egg le c ith in )  ÿ
G ly c o lip id s  w e r e  id e n t i f ie d  b y  s p ra y in g  th e  p la te s  w ith o C ~ n a p th o l
r e a g e n t  (A l le n  and G ood, 1 9 7 0 ). T h e s e  w e r e ; -
M G D G  -  M o n o  g a la c to s y l d ig ly c e r id e  
P G D G  -  D ig a la c to s y l  d ig ly c e r id e  
S L   ^ -  S u lp h o lip id
F u r t h e r  c o n f ir m a t io n  o f c o r r e c t  id e n t i f ic a t io n  w a s  s u b s e q u e n tly
o b ta in e d  f r o m  th e  f a t t y - a c id  a n a ly s e s  o f th e  l ip id s .  >
A  f u r t h e r  tw o  l ip id s  (sp o ts  10 and 11 in  F ig .  10 ) w e re  d e te c te d  
w h e n  th e  p la te s  w e r e  s p ra y e d  w ith  0 . 1 p e r  ce n t d ic h lo r o f lu o r e s c e in .  : j
T h e s e  spots f r o m  4  p la te s  w e r e  a n a ly s e d  b y  g a s - l iq u id  c h ro m a to g ra p h y  
b u t o n ly  a t r a c e  o f f a t t y - a c id  w as  d e te c te d . Spot 11 tu rn e d  b lu e  
w ith  m o ly b d e n u m  re a g e n t  and  is  th e r e fo r e  th o u g h t to  be a • '■
p h o s p h o lip id .
5 . P r e p a r a t io n  o f th e  m e th y l e s te rs  o f  the  f a t t y - a c id s
T h e  d e v e lo p e d  p la te s  w e r e  s p ra y e d  l ig h t ly  w ith  0 . 1 p e r  cen t 2,
7 -d ic h lo r o f lu o r e s c e in  in  e th a n o l and th e  l ip id  spots v ie w e d  u n d e r  
u l t r a - v i o l e t  l ig h t  and m a r k e d . T h e  spots  f r o m  4 p la te s  w e re  f-
s c ra p e d  in to  30 m l  g la s s  s to p p e re d  te s t  tu b es  and the m e th y l e s te rs  
o f th e  f a t t y - a c id s  p r e p a r e d  on th e  t h in - la y e r  a d s o rb e n t a c c o rd in g  to  
C h r is t ie  (1 9 7 2 ) . A n  in t e r n a l  s ta n d a rd  o f 1 m l o f m e th y l h e p ta d e c a n o a te  !
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F ig .  10. T w o -d im e n s io n a l  t h in - la y e r  c h ro m a to g ra p h y  p la te  (x^ ) o f th e  
s e p a ra t io n  o f p h o s p h o lip id s  and g ly c o lip id s  b y  th e  m e th o d  of N ic h o lls  
and  J a m e s , 1 9 6 4 . Id e n t i f ic a t io n  o f c o m p o n e n ts : 1, p h o s p h a tid ic  a c id ;
2, p h o s p h a tid y l in o s ito l;  3 , p h o s p h a tid y l c h o lin e ; 4 , s u lp h o lip id ;
5 , d ig a la c to s y l d ig ly c e r id e ;  6 , p h o s p h a tid y l g ly c e r o l;  7 , p h o s p h a tid y l 
e th a n o la m in e ; 8 , m o n o  g a la c to s y l d ig ly c e r id e ;  9 , p ig m e n ts  and n e u t r a l  
l ip id s ;  10, 11, u n id e n t if ie d  l ip id s ;  0 , o r ig in .
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in  m e th a n o l w a s  added  to  th e  tu b es  fo llo w e d  b y  2 m l  o f 2 N  so d iu m  
m e th o x id e  (th e  s o d iu m  m e th o x id e  w as  p r e p a r e d  b y  d is s o lv in g  p u re  
s o d iu m  m e ta l  in  s p e c ia l ly  d r ie d  m e th a n o l) . T h e  tu b es  w e re  th e n  
s to p p e re d , s h a k e n  v ig o r o u s ly  fo r  2 m in u te s  and th e n  h e a te d  a t  
5 0 ° C  in  a w a te r  b a th  fo r  15 m in u te s . A f t e r  c o o lin g , th e  so d iu m  
m e th o x id e  s o lu tio n s  w e r e  a c id if ie d  w ith  0 .6  m l  o f g la c ia l  a c e t ic  
a c id , 5 m l  o f d is t i l le d  w a te r  w as  th e n  added  and th e  e s te rs  
e x tr a c te d  in to  d i - e t h y l  e th e r ,  tw o  5 m l  p o r t io n s  o f s o lv e n t being- 
u s e d . A f t e r  s h a k in g  th e  s o lu tio n s  w ith  th e  s o lv e n t f o r  1 m in u te  
th e  tu b es  w e r e  c e n tr ifu g e d  a t  2 , 000  r . p . m .  fo r  3 m in u te s  to  
p r e c ip ita te  th e  s i l ic a  g e l. T h e  s o lv e n t la y e r s  w e r e  re m o v e d  b y  
P a s te u r  p ip e tte  and  w a s h e d  w ith  5 m l  o f 2 p e r  c e n t p o ta s s iu m  
h y d ro g e n  c a rb o n a te  s o lu t io n  b e fo re  b e in g  d r ie d  o v e r  3 g o f 
a n h y d ro u s  s o d iu m  s u lp h a te  fo r  1 h o u r . T h e  s o lu tio n s  w e r e  th e n  
f i l t e r e d  and th e  d i - e t h y l  e th e r  re m o v e d  b y  r o t a r y  e v a p o ra t io n .
T h e  e s te rs  w e re  d is s o lv e d  in  1 m l o f  ic e  c o ld  h e x a n e  f o r  gas |
c h ro m a to g ra p h ic  a n a ly s is .  I t  is  e s s e n t ia l  th a t  th e  h e x a n e  is   ^ ,
f r e e  f r o m  a r o m a t ic  h y d ro c a rb o n s . T h e  tu b es  w e re  k e p t ic e  c o ld  
to  p re v e n t  h e x a n e  e v a p o ra t io n  and  the  s a m p le  w a s  a n a ly s e d  
im m e d ia te ly .  ,-1
6 . G a s - l iq u id  c h ro m a to g ra p h y  i^
' 4T h e  e s te rs  w e r e  s e p a ra te d  b y  g a s - l iq u id  c h ro m a to g ra p h y  on a 
1. 52 m  X 0 .6 4  c m  g la s s  c o lu m n  w ith  20 p e r  c e n t d ie th y le n e  g ly c o l  
s u c c in a te  as th e  s ta t io n a r y  p h a s e . T h e  c o lu m n  te m p e r a tu r e  w a s  
190 C  and th e  d e te c to r  o ven  te m p e r a tu r e  200 G. N it ro g e n  w as
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u s e d  as th e  c a r r i e r  gas a t a f lo w  r a te  o f 35 m l / m i n .  T h e  p e a k  a r e a s  
w e r e  m e a s u re d  as p e a k  h e ig h t  x  r e te n t io n  t im e .  W e ig h ts  o f l ip id s  
w e r e  c a lc u la te d  b y  m u lt ip ly in g  th e  w e ig h t o f f a t t y - a c id  b y  th e  'I,
a p p r o p r ia te  c o n v e rs io n  fa c to r s  a c c o rd in g  to  C h r is t ie ,  e t a l .  , (1 9 7 0 ) .
R E S U L T S
1. A  C O M P A R IS O N  O F  T H E  F A T T Y - A C I D  C O M P O S IT IO N S  O F  T H E  
P O L A R  L IP ID S  O F  C H IL L - S E N S IT IV E  A N D  C H IL L - R E S IS T A N T  
L E A V E S  C R O W N  A T  2 5 ° C
T h e  d e g re e  o f  u n s a tu ra t io n  o f the  p h o s p h o - and  g ly c o lip id s  w as
1
c o m p a re d  b y  c a lc u la t in g : -  :
. a ) T h e  to t a l  p e rc e n ta g e  o f u n s a tu ra te d  f a t t y - a c id  a s s o c ia te d
w ith  e a c h  l ip id .
b ) T h e  to ta l  p e rc e n ta g e  o f l in o le ic  (1 8 :2 )  and  l in o le n ic  (1 8 :3 ) . ' t h
a c id  a s s o c ia te d  w ith  e a c h  l ip id .  T h is  m e th o d  w a s  ad o p ted  
as th e s e  fa t t y - a c id s  a r e  th e  p re d o m in a n t  u n s a tu ra te d  
fa t ty -a c id s  in  le a v e s  and L y o n s  and A s m u n d s o n  (1 9 6 5 )  
h a v e  show n th a t l in o le ic  a c id  is  as e f fe c t iv e  as  l in o le n ic  .
a c id  in  lo w e r in g  th e  te m p e r a tu r e  o f th e  p h a s e  change o f 
m ix tu r e s  o f p u re  f a t t y - a c id s .  In  a d d it io n , th e y  sh ow ed  th a t  
o le ic  a c id  ( l 8 : l )  w as  n o t as e f fe c t iv e  as l in o le ic  and  
- l in o le n ic  a c id  in  lo w e r in g  th e  t r a n s it io n  t e m p e r a tu r e .
C ly c o lip id s
T a b le s  20 to  22 show  th a t  th e  to ta l  d e g re e  o f u n s a tu ra t io n  and  
to ta l  p e rc e n ta g e  o f l in o le ic  and  l in o le n ic  a c id  o f th e  in d iv id u a l  
g ly c o lip id s  o f H o rd e u m  v u lg a r e  is  n o t s ig n if ic a n t ly  g r e a te r  th a n  th e  
c h i l l - s e n s i t iv e  s p e c ie s . H o w e v e r ,  the  l ip id s  M C D C  and D C D C  f r o m  
th e  v e r y  c h i l l - s e n s i t iv e  E p is c ia  re p ta n s  le a v e s  h a v e  a p p r o x im a te ly
T a b le  2 0 . A  c o m p a r is o n  o f th e  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
o f m ono  g a la c to s y l d ig ly c e r id e  in  th e  le a v e s  o f c h i l l - s e n s i t iv e  and  
c h i l l - r e s is t a n t  p la n ts  a t 2 5 ° C
C h i l l - s e n s i t iv e C h i l l - r e s is t a n t
F a t t y - a c id E p is c ia
re p ta n s
G o s s y p iu m
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
14:0 1 .4 1 .6 1. 2 1 .4
16:0 1 .8 1. 8 1. 8 1. 3
. 16:1 0 . 6 0 . 5 • 0 .4 0 .4
1 6 : 2 0 . 6 0 .7 0 . 2 0 . 4
18:0 0 . 5 0 . 5 0 .4 0 . 3
18:1 1. 5 0. 8 0 . 4 0 . 4
18 :2 1 2 .4 2 .2 1. 7 4 . 1
18:3 8 1 . 2 ' 9 1 .9 9 3 .9 9 1 .7
T o ta l  p e r  cen t 
1 8 :2  + 18 :3 9 3 . 6 9 4 . 1 9 5 . 6 9 5 . 8
T o ta l  p e r  ce n t 
u n s a tu ra te d  
f a t t y - a c id
9 6 . 3 9 6 . 1 9 6 . 6 9 6 . 9
R a t io  show n d en o te s  th e  n u m b e r  o f c a rb o n  a to m s  to th e  n u m b e r  o f 
d o u b le  bonds in  th e  m o le c u le .
110.
T a b le  21 . A  c o m p a r is o n  o f the p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
o f d ig a la c to s y l d ig ly c e r id e  in  th e  le a v e s  o f c h i l l - s e n s i t iv e  and  
c h i l l - r e s is t a n t  p la n ts  a t 2 5 ^ C
F a t t y - a c id
C h i l l - s e n s i t iv e  \ 3 h i l l - r e s is t a n t
E p is c ia
re p ta n s
G o s s y p iu m
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
14:0 2. 1 2. 0 1. 2 1. 0
16:0 7 . 7 9 .8 9 . 1 11. 1
16:1 1. 5 0 . 6 0 . 6 0 . 4
1 6 : 2 1. 2 0 .6 0 . 4 0 . 2
18:0 1 .4 1. 0 2 . 0 1. 0
18:1 2. 3 1 .6  ^ 0 .7 0 . 6
18:2 13. 6 2 .9 1* 6 4 . 0
18:3 7 0 . 2 ' 8 1 . 5 84 . 4 8 1 . 7
T o ta l  p e r  c e n t
1 8 :2  + 18 :3 8 3 .8 8 4 .4 8 6 . 0 8 5 . 7 •
T o ta l  p e r  cen t
u n s a tu ra te d 8 8 . 5 8 7 . 2 8 7 .7 8 6 .9
f a t t y - a c id
i '
J  .___,________ '1_________ _______
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T a b le  22 . A  c o m p a r is o n  o f the  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
of s u lp h o lip id  in  th e  le a v e s  o f c h i l l - s e n s i t iv e  and c h i l l - r e s is t a n t  
p la n ts  a t 2 5 ° C
'-M
C h i l l - s e n s i t iv e h i l l - r e s i s t a n t
F a t t y - a c id E p is c ia
re p ta n s
G o s s y p iu m
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
14:0 12. 7 8 .9 4 . 9 7 . 0
1 6 : 0 2 1 . 0 3 3 . 6 2 1 .7 24 . 1
16:1 5 . 7 2 .9 2. 3 2. 1
1 6 : 2 4 . 7 3 .9 3 . 2 1 .9
18:0 4 . 3 3. 3 4 . 8 2. 2
18:1 5 . 2 5 .8 2. 2 1. 8
18:2 13. 1 7 . 1 3. 0 5 . 2
18:3 3 3 . 3 34 . 5 5 7 .9 5 5 .7
T o ta l  p e r  cen t  
1 8 :2  + 18 :3 4 6 .4 4 1 . 6 6 0 . 9 6 0 . 9
T o ta l  p e r  cen t  
u n s a tu ra te d  
f a t t y - a c id
6 2 . 0 5 4 . 2 6 8 .4 6 6 . 7
--------------------------------- i i _____________
10 p e r  c en t le s s  l in o le n ic  a c id  and  10 p e r  ce n t m o re  l in o le ic  a c id  th a n  
th o s e  f r o m  G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  v u lg a r is  le a v e s .  S in ce  
l in o le ic  a c id  is  c o n s id e re d  to  h a v e  th e  s a m e  e f fe c t  as l in o le n ic  a c id  in  
lo w e r in g  th e  te m p e r a tu r e  o f  th e  p h a s e  change (L y o n s  and A s m u n d s o n , 
1 9 6 5 ), th e  lo w e r  p e rc e n ta g e  o f  l in o le n ic  a c id  a s s o c ia te d  w ith  th e  l ip id s  
M G D G  and D G D G  o f E p is c ia  re p ta n s  le a v e s  is  n o t th o u g h t to be r e la t e d  
to  t h e i r  g r e a t e r  c h i l l - s e n s i t iv i t y .
P h o s p h o lip id s
T a b le s  23 to  27 show  th a t ,  in  g e n e ra l,  th e  to ta l  d e g re e  o f  
u n s a tu ra t io n  (c a lc u la t io n  a ) o f th e  in d iv id u a l p h o s p h o lip id s  o f c h i l l -  
r e s is ta n t  H o rd e u m  v u lg a r e  is  n o t s ig n if ic a n t ly  g r e a t e r  th a n  c h i l l -  
s e n s it iv e  s p e c ie s . N e v e r th e le s s ,  th e  to ta l  p e rc e n ta g e  o f l in o le ic  
and  l in o le n ic  a c id  (c a lc u la t io n  b) a s s o c ia te d  w ith  ea c h  p h o s p h o lip id  
is  g e n e r a l ly  h ig h e r  in  th e  le a v e s  o f H o rd e u m  v u lg a r e ,.  e s p e c ia l ly  
P E  and P G  (T a b le s  24  an d  27 ) .  In  a d d it io n , th e  to ta l  p e rc e n ta g e  
o f l in o le ic  and l in o le n ic  a c id  a s s o c ia te d  w ith  P C , P I  and P A  o f 
E p is c ia  re p ta n s  (a  s p e c ie s  in ju r e d  a t 1 2 °C ) w a s  lo w e r  th a n  th e  le s s  
c h i l l - s e n s i t iv e  s p e c ie s  G o s s y p iu m  h irs u tu m  and  P h a s e o lu s  v u lg a r is  
(s p e c ie s  w h ic h  a r e  n o t in ju r e d  u n t i l  b e lo w  1 0 ° C )  T a b le s  23, 25 and 26 . 
H o w e v e r ,  th e  to ta l  p e rc e n ta g e  o f l in o le ic  and  l in o le n ic  a c id  a s s o c ia te d  
w ith  th e  l ip id s  P E  and  P G  is  n o t p r e c is e ly  c o r r e la te d  w ith  c h i l l -  
s e n s it iv i ty  in  a l l  s p e c ie s  as  th e  le v e l  o f th e s e  f a t t y - a c id s  a s s o c ia te d  
w ith  P E  and P G  o f E p is c ia  re p ta n s  is  h ig h e r  th a n  in  G o s s y p iu m  h ir s u tu m  
(T a b le s  24 and 27 ),
B e c a u s e  the p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  o f  th e  p h o s p h o lip id s  -'c|
‘' ' ’ I
is  c o m p a re d  a lo w  le v e l  o f  l in o le ic  and l in o le n ic  a c id  m u s t be a s s o c ia te d  ÿj||i 
w ith  a h ig h  le v e l  o f o th e r  f a t t y - a c id s .  F o r  e x a m p le , th e  p e rc e n ta g e  o f
%'-;^:" .:A  - - ' y l\'y % ^ \A r'T  ' -' :     " "y ' -  '
.% .,; : .
T a b le  23. A  c o m p a r is o n  o f the  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  o f 
p h o s p h a tid y l c h o lin e  in  th e  le a v e s  o f  c h i l l - s e n s i t iv e  and c h i l l - r e s is t a n t  
p la n ts  a t 2 5 °C
t -  • C h i l i  -  s ens i t iv e C h i l l - r e s is t a n t y
■• , -
F a t t y - a c id E p is c ia
re p ta n s
G o s s y p iu m
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a re
y y 
y
14:0 ' 2 . 6 1 .4 1. 2 1 .4
s i
1 ■ 1 6 : 0 1 5 .6 1 9 .7 1 6 . 4 2 4 .6 yr;i
1 6 : 1 2. 8 1 .0 0 . 6 0 . 7
1 6 : 2 2. 9 0 . 6 0 . 6 1. 1 ’ ;1 \V|y
■y 18:0 7 . 9 1 .6 5. 5 1 .8
J
18:1 17. 7 1 8 .4  • 5 . 4 2. 5 V J 1
18:2 38 . 3 4 3 .4 34 . 3 3 6 . 8 ;
f-t } '
18:3
T o ta l  p e r  c e n t
12. 2 1 3 .9 36 . 0 3 1 . 1 ;>
18 :2  + 18 :3  
T o ta l  p e r  cen t
50 . 5 5 7 . 3 7 0 . 3 6 7 . 9 1
•u n s a tu ra te d
f a t t y - a c id
7 3 . 9 7 7 . 3 7 6 . 9 7 2 . 2 :
:
J
■„.|C
T a b le  24 . A  c o m p a r is o n  o f th e  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
o f p h o s p h a tid y l e th a n o la m in e  in  th e  le a v e s  o f c h i l l - s e n s i t iv e  and  
c h i l l - r e s is t a n t  p la n ts  a t Z 5 ^ C ■a
F a t t y - a c id
C h i l l - s e n s i t iv e  K a h i l i - r e s is ta n t
E p is c ia
re p ta n s
G ossyp  iu m  
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
14:0 6 . 7 5. 7 3 .8 5 . 1
1 6 : 0 15. 0 26 . 3 27 . 2 20 . 0
1 6 : 1 2 . 8 1 .9 2. 0 1 .9
16:2 3 . 3 1. 7 1 .2 3. 2
18:0 5. 5 2. 0 3. 7 2. 2
18:1 8 . 8 6 . 6 2 . 6 1. 7
18 :2 4 5 . 1 4 3 . 5 2 8 . 0 4 1 . 8
18:3 12. 8 12. 3 31 . 5 24 . 1
T o ta l  p e r  cen t
18 :2  + 18 :3  
T o ta l  p e r  cen t
57 . 9 55 . 8 5 9 . 5 6 5 . 9
u n s a tu ra te d
f a t t y - a c id
7 2 . 8 66 , 0 6 5 . 3 7 2 . 7
: .r Aa.. •^x 'Z n -.y r.
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T a b le  25 . A  c o m p a r is o n  o f th e  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
of p h o s p h a tid y l in o s ito l  in  th e  le a v e s  o f c h i l l - s e n s i t iv e  and c h i l l -  
r e s is ta n t  p la n ts  a t 2 5 ° C
C h i l l - s e n s i t iv e C h i l l - r e s is t a n t
: ' - i
.yJ
J? a t ty -a c io .
E p is c ia
re p ta n s
G os s y p iu m  
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
14:0 8 . 6 6 . 5 4 . 3 5 . 2
1 6 : 0  . 2 6 .4 3 1 .4 31 . 3 3 1 . 3
1 6 : 1 6 . 7 2. 7 1 .7 3 .6
1 6 : 2 6 .9 3 ,1 2 .4 4 . 6
18:0 6 . 7 3 .6 5 .4 5 . 4
18:1 8 .9 6 . 0 2 . 5 3. 0 ' j
>  ,1
18:2 2 1 . 5 ■ 32 , 5 15. 7 2 1 .6
18:3 14. 3 14. 2 36 . 7 2 5 . 3 1
T o ta l  p e r  cen t 1
18:2  + 18 :3 3 5 . 8 4 6 .7 5 2 .4 4 6 .9
T o ta l  p e r  ce n t Î
u n s a tu ra te d 5 8 . 3 5 8 .4 59 . 0 5 8 . 1 - -1 Ï
f a t t y - a c id I
I ::
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T a b le  26 . A  c o m p a r is o n  o f th e  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  o f 
p h o s p h a tid ic  a c id  in  th e  le a v e s  o f c h i l l - s e n s i t iv e  and  c h i l l - r e s is t a n t  
p la n ts  a t 2 5 ° C
i r -  ■ C h i l l - s e n s i t iv e  V] h i l l - r e s i s t a n t
K
F a t t y - a c id E p is c ia
re p ta n s
G o s s y p iu m
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
V 'r- • .
I ,
'■i- 14:0 2 1 .6  . 10 . 5 10. 1 1 6 .4
! 16:0 12. 0 1 4 .6 13. 0 1 2 .9
‘t t. 16:1 6 .7 7 . 3 2. 5 5 .4
h '
16:2 8 . 1 - 2 . 7 10 . 0
18:0 5 . 7 6 . 6 4 . 8 4 . 9
18:1 8 . 6 15. 0 6 . 4 4 . 2
:
18:2 2 1 . 0 3 2 . 0 2 9 . 0 23 . 3
18:3 1 6 . 3 14. 0 31 . 5 22 . 9
1 T o ta l  p e r  cen t 
1 8 :2  + 18 :3 37 . 3 4 6 .0 6 0 . 5 4 6 . 2
T o ta l  p e r  cen t  
u n s a tu ra te d  
f a t t y - a c id
6 0 . 7 6 8 . 3 7 2 . 1 6 5 . 8
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T a b le  27 . A  c o m p a r is o n  o f the p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  o f 
p h o s p h a tid y l g ly c e r o l  in  th e  le a v e s  o f c h i l l - s e n s i t iv e  and c h i l l - r e s is t a n t  
p la n ts  a t 2 5 °C
C h i l i - s e n s i t iv e  ^ h i l l - r e s is ta n t
F a t t y - a c id E p is c ia
re p ta n s
G o s s y p iu m
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a re
14 :0 5 .8 5 . 5 3 . 7 3. 2
16:0 22 . 6 4 1 . 7 3 4 .4 8. 5
16:1 11. 2 1 0 .4 1 2 .9 18. 3
16:2 4 . 2 4 . 9 4 . 5 5 .2
18:0 4 . 8 2 .9 5. 6 1 .7
18:1 2 0 . 5 8 . 4 4 . 8 4 . 3
18:2 23 . 2 14. 5 9 . 1 7 . 8
18:3 7 . 8 11 . 7 25 . 0 51 . 0
T o ta l  p e r  cen t 
18 :2  + 18:3 31 . 0 2 6 . 2 3 4 . 1 58 . 8
T o ta l  p e r  cen t 
u n s a tu ra te d  
f a t t y - a c id
6 6 . 9 4 9 .9 5 6 . 3
(
8 6 . 6
{ ’
T a b le  28 . A  c o m p a r is o n  o f th e  w e ig h ts  o f p h o s p h o lip id  in  the  le a v e s  
o f c h i l l - s e n s i t iv e  and c h i l l - r e s is t a n t  p la n ts  g ro w n  a t 2 5 ° C  (e a c h  l ip id  
e x p re s s e d  as a p e rc e n ta g e  o f th e  to ta l  w e ig h t o f p h o s p h o lip id )
P h o s p h o lip id
C h i l l - s e n s i t iv e Ih i l l - r e s is t a n t
E p is c ia
re p ta n s
G o ssyp  iu m  
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
P C 5 2 . 2 53 . 7 4 2 . 9 4 2 . 6
P E 2 5 . 0 2 1 .4 21 . 2 19. 3
P I 7 . 1 5 . 4 6 . 8 4 . 5
P A 4 . 7 5. 7 5. 0 3. 1
P G 1 0 .9 13. 8 2 4 . 1 3 0 . 5
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l in o le ic  and  l in o le n ic  a c id  a s s o c ia te d  w ith  th e  p h o s p h o lip id s  o f E p is c ia  
re p ta n s  is  lo w  and a  h ig h  le v e l  o f o le ic  a c id  (1 8 :1 )  is  p re s e n t  (T a b le s  E3 
to  2 7 ) .  T h e  c lo s e  r e la t io n s h ip  b e tw e e n  c h i l l - s e n s i t iv i t y  and th e  to ta l  
p e rc e n ta g e  o f l in o le ic  and l in o le n ic  a c id  o f th e  p h o s p h o lip id s  and n o t  
th e  to ta l  d e g re e  o f u n s a tu ra t io n  is  a t t r ib u ta b le  m a in ly  to  a lo w  le v e l  
o f l in o le ic  and l in o le n ic  a c id  and  h e n c e  a h ig h  le v e l  o f o le ic  a c id  
a s s o c ia te d  w ith  th e  p h o s p h o lip id s  o f  E p is c ia  re p ta n s  and G o s s y p iu m  
h ir s u t u m . F u r t h e r m o r e ,  th e  le v e l  o f o le ic  a c id  is  p a r t ic u la r ly  h ig h  
in  P C  o f th e s e  s p e c ie s  (T a b le  23 ) and P C  c o m p r is e s  52  p e r  cen t o f  
th e  to ta l  w e ig h t o f p h o s p h o lip id  in  c o m p a r is o n  to  4 2  p e r  c en t in  
H o rd e u m  v u lg a r e  and  P h a s e o lu s  v u lg a r is  (T a b le  28 ) . A lth o u g h  
P h a s e o lu s  v u lg a r is  is  c h i l l - s e n s i t iv e ,  i t  can  be re g a r d e d  as a  
^ b o rd e r lin e ' s p e c ie s  in  t e r m s  o f th e  d e g re e  o f u n s a tu ra t io n  o f the  
p h o s p h o lip id s  s in c e  th e  to ta l  p e rc e n ta g e  o f l in o le ic  and  l in o le n ic  
a c id  a s s o c ia te d  w ith  th e  l ip id s  P C ,  P I  and P A  is  h ig h e r  th a n  H o rd e u m  
v u lg a r e  (T a b le s  23 , .25 and  %6).
T h e  to ta l  p e rc e n ta g e  o f l in o le ic  and  l in o le n ic  a c id  a s s o c ia te d  w ith  
th e  p h o s p h o lip id s  w a s  g e n e r a l ly  h ig h e s t in  c h i l l - r e s is t a n t  H o rd e u m  
v u lg a re  and lo w e s t  in  th e  v e r y  c h i l l - s e n s i t iv e  s p e c ie s  E p is c ia  re p ta n s  
so th a t  a c o m p a r is o n  o f th e  to ta l  p e rc e n ta g e  o f l in o le ic  and l in o le n ic  
a c id  o f a l l  th e  p h o s p h o lip id s  c o m b in e d  show ed th e  b e s t re la t io n s h ip  
to  c h i l l - s e n s i t iv i t y  (T a b le  2 9 ) .  In  c o n tra s t , no r e la t io n s h ip  w as  
d e te c te d  w h e n  the  to ta l  p e rc e n ta g e  o f l in o le ic  and l in o le n ic  a c id  o f 
a l l  th e  g ly c o lip id s  c o m b in e d  w a s  c o m p a re d  (T a b le  3 0 ) .  D u e  to  d if fe r e n c e s  
in  th e  w e ig h t o f g ly c o lip id  p r e s e n t  in  th e  le a v e s  o f e a c h  s p e c ie s  (T a b le  31 ) 
the  r e la t io n s h ip  b e tw e e n  th e  to ta l  p e rc e n ta g e  o f l in o le ic  and l in o le n ic  
a c id  o f a l l  the p o la r  l ip id s  ( i . e .  p h o s p h o - and g ly c o lip id s  c o m b in e d ) and
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T a b le  2 9 . A  c o m p a r is o n  o f the  to ta l  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
o f a l l  the  p h o s p h o lip id s  in  th e  le a v e s  o f c h i l l - s e n s i t iv e  and c h i l l -  
r e s is ta n t  p la n ts  g ro w n  a t 2 5 ° C
C h i l l - s e n s i t iv e C h ill  -  r  e s i  s ta n t
F a t t y - a c id E p is c ia
re p ta n s
G o s s y p iu m
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
14:0 5 . 0 3 . 1 2 .9 3 .8
1 6 : 0 1 6 .4 25 . 1 2 2 .9 19, 1
1 6 : 1 3 . 8 2 .7 3 .9 7 .7
16:2 3 . 5 2. 1 1. 8 2. 3
18:0 6 . 9 2. 2 4 . 9 1. 8
18:1 14. 8 12. 8 4 . 3 2. 4
18 :2 3 7 .4 3 5 . 8 2 8 . 6 2 4 .7
18:3 12. 2 16 . 2 30 . 7 3 8 . 2
T o ta l  p e r  cen t 
1 8 :2  + 18 :3 4 9 . 6 5 2 .0 59 . 3 6 2 . 9
T o ta l  p e r  cen t 
u n s a tu ra te d  
f a t t y - a c id
7 1 . 7 6 9 . 6 6 9 .3 7 5 . 3
121.
T a b le  30 , A  c o m p a r is o n  o f th e  to ta l  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
o f a l l  g ly c o lip id s  in  the  le a v e s  o f c h i l l - s e n s i t iv e  and c h i l l - r e s is t a n t  
p la n ts  g ro w n  a t 2 5 ° C
C h i l l - s e n s i t iv e  V3 h ill - r e s  i  s ta n t g
F a t t y - a c id E p is c ia Gos s y p iu m P h a s e o lu s H o rd e u m
re p ta n s h ir s u tu m v u lg a r is v u lg a r e
14:0 2. 0 1. 5 1. 3 1. 8
16:0 4 . 6 5 . 4 5 . 1 8 . 0
1 6 : 1 1 .9 0 . 6 0 . 6 0 .6 'yS
16:2 0 .9 0 . 6 0 . 5 1
18:0 1. 0 0 . 7 1. 1 0 .9 i
18:1 2. 0 1. 5 0 .9 0 . 8
18:2 13. 0 3. 2 2. 2 6 . 5
18:3 7 5 . 6 8 6 .3 88 . 2 8 0 .9
■
T o ta l  p e r  c en t
1 8 :2  + 18 :3 8 8 . 6 8 9 . 5 9 0 .4 8 7 .4
T o ta l  p e r  cen t
u n s a tu ra te d 9 3 .4 9 2 . 4 92 . 5 8 9 . 3
f a t t y - a c id
122,
T a b le  3 1 . A  c o m p a r is o n  o f th e  w e ig h ts  o f p o la r  l ip id s  in  th e  le a v e s  
o f c h i l l - s e n s i t iv e  and r e s is ta n t  p la n ts  a t 2 5 ° C  ( i .  e . e a c h  l ip id  
e x p re s s e d  as a p e rc e n ta g e  o f th e  to ta l  w e ig h t o f l ip id )
a
C h i l l - s e n s i t iv e C h i l l - r e s is t a n t
L ip id E p is c ia
re p ta n s
G o s s y p iu m
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
M G D G 4 0 . 1 3 0 . 3 3 3 .0 4 5 . •
D G D G 2 5 . 3 1 8 .0 21 . 5 2 2 .4
S L 1 .9 2. 8 2. 0 2. 0
P C 17. 1 26 . 2 1 8 .7 12. 5
P E 8 . 2 10. 3 9 . 2 5 . 4
P I 2. 3 3. 5 3 . 0 1. 7
P G 3. 6 6 . 5 1 0 .4 9 . 5
P A 1. 5 - 2 .4 2 . 2 1. 5
T o ta l  p e r  cen t  
p h o s p h o lip id 3 2 . 7 4 8 .9 4 3 . 5 30 . 6
123;-
T a b le  32 . A  c o m p a r is o n  o f th e  to ta l  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
o f th e  p h o s p h o - and g ly c o lip id s  ( i .  e . a l l  the p o la r  l ip id s )  in  th e  le a v e s  
o f c h i l l - s e n s i t iv e  and r e s is ta n t  p la n ts  g ro w n  a t 2 5 ° C
C h i l l - s e n s i t iv e  ^C h i l l - r e s is t a n t
F a t t y - a c id E p is c ia
re p ta n s
G o s s y p iu m
h ir s u tu m
P h a s e o lu s
v u lg a r is
H o rd e u m
v u lg a r e
14:0 2 .9 2 .6 2 . 2 1 .8
1 6 : 0 7 .9 1 3 .7 12. 4 8 . 8
16:1 1 .9 1. 5 . 1. 8 2. 1
16:2 1. 7 1. 5 1. 1 0 . 8
18:0 2. 5 1 .4 2 . 6 0 . 9
18:1 5 .4 5 .8 2/. 2 1. 0
18:2 19. 3 16. 5 1 0 .9 9 . 5
18:3 5 8 .4 5 7 , 0 6 6 . 8 75 . 1
T o ta l  p e r  cen t 
1 8 :2  + 18 :3 7 7 . 7 7 3 . 5 7 7 . 7 84 . 6
T o ta l  p e r  cen t 
u n s a tu ra te d  
f a t t y - a c id
8 6 . 7 8 2 . 3 8 2 . 8 8 8 . 5
IV ■ ■ ' I ’ " . ' ' ' '■ '■" ''1
c h i l l - s e n s i t iv i t y  is  n o t as p r e c is e  as c o m p a r in g  th e  to ta l  p e rc e n ta g e  o f 
l in o le ic  and l in o le n ic  a c id  o f a l l  th e  p h o s p h o lip id s  c o m b in e d  (T a b le s  32  
I. and  29 r e s p e c t iv e ly ) .  F o r  e x a m p le , b e c a u s e  E p is c ia  re p ta n s  h as
J' h ig h  le v e ls  o f g ly c o lip id  (T a b le  3 1 )  th e  to ta l  p e rc e n ta g e  o f  l in o le ic
and l in o le n ic  a c id  o f a l l  th e  p o la r  l ip id s  c o m b in e d  is  h ig h e r  th a n  in  
' G o s s y p iu m  h ir s u tu m  (T a b le  32  ) .
Î7 . ' '
L y o n s  e t a l  (1 9 6 4 ) a n a ly s e d  th e  to ta l  f a t t y - a c id  c o m p o s it io n  o f
m ito c h o n d r ia  is o la te d  f r o m  a n u m b e r  o f c h i l l - s e n s i t iv e  and c h i l l -
' ■ '
r e s is ta n t  f r u i t s  and  t h e i r  r e s u lts  a r e  p re s e n te d  in  T a b le  3 3 . T h e y  
r* show ed  th a t a  s ig n if ic a n t  r e la t io n s h ip  e x is ts  b e tw e e n  th e  to ta l
p e rc e n ta g e  o f u n s a tu ra te d  f a t t y - a c id  and c h i l l - s e n s i t iv i t y .  In  th e  
p r e s e n t  th e s is  t h e i r  r e s u lts  a r e  u s e d  to  c o m p a re  th e  to ta l  p e rc e n ta g e  
j? o f  l in o le ic  and  l in o le n ic  a c id  a s s o c ia te d  w ith  th e  m ito c h o n d r ia  o f
f r u i t s  (T a b le  33 ) w ith  th e  r e s u lts  o b ta in e d  ab o ve  fo r  le a v e s . In  
i c o n tra s t  to  le a v e s ,  th e  c h i l l - s e n s i t iv i t y  o f m ito c h o n d r ia  is o la te d
V f r o m  f r u i t s  is  a s s o c ia te d  b e s t w ith  th e  to ta l  p e rc e n ta g e  o f u n s a tu ra te d
h; . f a t t y - a c id  and n o t th e  to ta l  p e rc e n ta g e  o f l in o le ic  and  l in o le n ic  a c id .
T a b le  33 show s th a t th e  re la t io n s h ip  b e tw e e n  a h ig h  to ta l  p e rc e n ta g e  
o f u n s a tu ra te d  f a t t y - a c id  an d  c h i l l - r e s is t a n c e  o f f r u i t s  is  d e p e n d e n t  
- m a in ly  on a h ig h  le v e l  o f o le ic  a c id  a s s o c ia te d  w ith  th e  m ito c h o n d r ia
o f c h i l l - r e  s i s ta n t c a u l i f lo w e r  buds and tu rn ip  ro o ts . T h e r e f o r e  a  h ig h  
• le v e l  o f  o le ic  a c id  is  g e n e r a l ly  a s s o c ia te d  w ith  m ito c h o n d r ia  f r o m
c h i l l - r e s is t a n t  f r u i t s  and w ith  th e  p h o s p h o lip id s  f r o m  c h i l l - s e n s i t iv e  
le a v e s  (P . 119). T h is  d is c re p a n c y  can o n ly  be re s o lv e d  b y  a n a ly s in g  
th e  f a t t y - a c id  c o m p o s it io n s  o f in d iv id u a l m e m b ra n e  l ip id  c o m p o n e n ts  
o f m ito c h o n d r ia  is o la te d  f r o m  f r u i t s .  I t  is  in te r e s t in g  to  n o te  th a t  
th e  to ta l  d e g re e  o f u n s a tu ra t io n  o f th e  m ito c h o n d r ia l  f a t t y - a c id  f r o m
/  .. . ^  ^  .....................
h x ''-   ^ ' ' ■'■■ ■■ ■ ■ ’ ' I  -' : '  . - . -r?
P h a s e o lu s  v u lg a r is  sh o o ts  is  'b o r d e r l in e *  b e tw e e n  c h i l l - s e n s i t iv i t y  
and c h i l l - r e s is t a n c e  -  a s im i la r  r e la t io n s h ip  to  th a t  w h ic h  w a s  found  
to  e x is t  in  le a v e s  (P . 1 1 9 ).
C h i l l - s e n s i t iv i t y  co u ld  n o t be  r e la te d  to  th e  l ip id  c o m p o s it io n  o f 
th e  le a v e s . T a b le  31 show s th a t H o rd e u m  v u lg a r e  le a v e s  c o n ta in  a 
lo w e r  w e ig h t o f p h o s p h o lip id  th a n  c h i l l - s e n s i t iv e  s p e c ie s .
In  c o n c lu s io n , th e  c h i l l - s e n s i t iv i t y  o f le a v e s  w a s  b e s t r e la te d  
to  th e  to ta l  p e rc e n ta g e  o f l in o le ic  and  l in o le n ic  a c id  a s s o c ia te d  w ith  
e a c h  p h o s p h o lip id  an d  n o t th e  to ta l  d e g re e  o f u n s a tu ra t io n  o f e a c h  
p h o s p h o lip id . T h e r e fo r e  a  c o m p a r is o n  o f the  to ta l  p e rc e n ta g e  o f 
l in o le ic  and l in o le n ic  a c id  o f a l l  the  p h o s p h o lip id s  c o m b in e d  show ed  
th e  m o s t p r e c is e  r e la t io n s h ip  to  th e  c h i l l - s e n s i t iv i t y  o f the s p e c ie s  
( F ig .  11 ) .  In  c o n tra s t ,  th e  c h i l l - s e n s i t iv i t y  o f m ito c h o n d r ia  is o la te d  
f r o m  f r u i t s  a p p e a rs  to  be r e la te d  b e s t to  the to ta l  d e g re e  o f u n s a tu ra t io n  
o f th e  m ito c h o n d r ia l  f a t t y - a c id s  and n o t th e  to ta l  p e rc e n ta g e  o f l in o le ic  
and l in o le n ic  a c id .
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T e m p e r a tu r e  ( C ) a t w h ic h  in ju r y  f i r s t  o c c u rs
F ig .  11. A  c o m p a r is o n  o f th e  to ta l  p e rc e n ta g e  o f l in o le ic  and l in o le n ic  a c id  : 
a s s o c ia te d  w ith  a l l  th e  le a f  p h o s p h o lip id s  c o m b in e d  and  th e  te m p e r a tu r e  a t  
w h ic h  c h i l l in g  in ju r y  f i r s t  o c c u rs . L e a v e s  w e re  g ro w n  a t 2 5 ° C , 95 p e r  c e n t »
R H . !
— :----------------- I,..--»-.__!________ f______________________    ' _ ; 5 9 *
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2. THE E F F E C T S  OF HARDENING
H o rd e u m  v u lg a re  to  f r e e z in g  in ju r y  a t - 4  C
H a rd e n in g  H o rd e u m  v u lg a r e  f o r  1 d a y  a t 5 ^ 0 ,  85 p e r  c e n t R H , o r  
4  d ay s  a t 1 2 ° C , 95 p e r  c e n t R H , a g a in s t  f r e e  z in g - in ju r y  a t - 4 ° C  w a s  not 
as e f fe c t iv e  as  th e  h a rd e n in g  o f c h i l l - s e n s i t iv e  s p e c ie s  a g a in s t  c h i l l in g -  
in ju r y .  T h e  m o s t e f fe c t iv e  h a rd e n in g  t r e a tm e n t  o f H o rd e u m  v u lg a r e  u sed  
in  th is  in v e s t ig a t io n  w a s  1 d a y  a t 5 ° C  b u t 4 8  p e r  c e n t o f th e s e  
p la n ts  d ie d  a f t e r  24  h o u rs  o f f r o s t .  H a rd e n in g  f o r  4  days  a t 
12 C  w as  le s s  e f fe c t iv e  and 67 p e r  cen t o f th e  p la n ts  d ie d  a f t e r
24  h o u rs  f r o s t  (T a b le  3 4 ). N e v e r th e le s s ,  h a rd e n in g  H o rd e u m  v u lg a r e
o ofo r  1 d a y  a t 5 C o r  4 d a y s  a t 12 C p ro v id e d  a s ig n if ic a n t  d e g re e  o f
p r o te c t io n  a g a in s t  f r e e z in g - in ju r y  in  c o m p a r is o n  to  p la n ts  t r a n s f e r r e d
d i r e c t ly  f r o m  25 to - 4 ° C  (T a b le  3 4 ) . S im i la r ly ,  L e v i t t  (1 9 6 9 ) re p o r te d
th a t the  e x p o s u re  o f cab b ag e  le a v e s  to  5^ C  fo r  o n ly  1 d ay  p ro v id e d  a
m a rk e d  d e g re e  o f p r o te c t io n  a g a in s t f r e e  z in g - in ju r y .
In  C h a p te r  1 i t  w a s  r e p o r te d  th a t  o ld e r  le a v e s  o f c h i l l -  
s e n s it iv e  G o s s y p iu m  h ir s u tu m  and  P h a s e o lu s  v u lg a r is  w e re  
m o r e  s u s c e p tib le  to  c h i l l in g - in ju r y  th a n  y o u n g e r  le a v e s .  
S i m i l a r l y  in  th is  s tu d y  o f f r e e  z in g - in ju r y  in  H o rd e u m  v u lg a r e . 
i t  w as  d is c o v e re d  th a t 8 - d a y - o ld  le a v e s  g ro w n  a t 2 5 ° C  w e re  
2 to  3 t im e s  m o re  s u s c e p tib le  to  f r e e  z in g - in ju r y  th a n  4 - d a y - o ld  
le a v e s  (T a b le  34  ) .
a ) T h e  e ffe c t  o f h a rd e n in g  and le a f  age on th e  s u s c e p t ib i l i ty  o f c h il l- re s is ta r W
T a b le  34 . T h e  e f fe c t  o f le a f  age and h a rd e n in g  fo r  4 d a ys  a t 12 C , 
95 p e r  c e n t R H , o r  1 d a y  a t 5 ° C  on th e  s u s c e p t ib i l i ty  o f H o rd e u m  
v u lg a r e  to  f r e e  z in g - in ju r y  a t - 4 ° C  in  th e  d a r k . T h e  n u m b e r  o f  
p la n ts  dead  due to  f r e e z in g  w a s  re c o rd e d  a f t e r  3 d a y s  r e c o v e r y  
a t  15 to  2 0 ° C . E a c h  v a lu e  is  b a s e d  on 100 p la n ts .
P e rc e n ta g e  o f p la n ts  d ead
H a rd e n e d  le a v e s
H o u rs
a t
N o n -h a rd e n e d  le a v e s ( le a v e s  4 days  o ld  a t the  
s t a r t  o f h a rd e n in g )
- 4 ° C
L e a v e s L e a v e s
H a rd e n e d  fo r  
4  d ays  a t 1 2 °C ,
H a rd e n e d  fo r  
1 d a y  a t 5 ° C ,
4  days 8 d a ys 95 p e r  cen t R H , 85 p e r  c e n t R H ,
o ld o ld b e fo re  f r e e z in g b e fo re  f r e e z in g
8 3 9 2 . 0
13 30 6 2 25 8
24 97 100 67 48
130.' -' - .^ . /  ;  /v ... ' -(3^3
B ) C h anges  in  th e  f a t t y - a c id  c o m p o s it io n s  o f th e  p o la r  l ip id s  o f 
c h i l l - s e n s i t iv e  and  c h i l l - r e s is t a n t  s p e c ie s  on h a rd e n in g  a t  
12 ^ C , 95 p e r  c e n t R H .
C h i l l - s e n s i t iv e  s p e c ie s
H a rd e n in g  th e  3 - d a y - o ld  le a v e s  o f P h a s e o lu s  v u lg a r is  and j
5 -d a y - o ld  le a v e s  o f G o s s y p iu m  h irs u te .m  fo r  4 days  a t 1 2 ° C ,
95 p e r  cen t R H , in  th e  l ig h t  p ro v id e d  95 p e r  c en t p ro te c t io n  ,
o 'a g a in s t su b s eq u e n t c h i l l in g  a t 5 C , 85 p e r  c e n t R H  (P . 4 0 ) .
T h is  h a rd e n in g  t r e a tm e n t  p ro d u c e d  in c re a s e s  o f up to  12 p e r  *
c e n t in  th e  p e rc e n ta g e  o f l in o le ic  a c id  ( F ig .  12) and  h e n c e  to ta l
p e r  c en t u n s a tu ra te d  f a t t y - a c id  (T a b le  35 ) in  a l l  the  p h o s p h o lip id s
o f G o s s y p iu m  h ir s u tu m  and  P h a s e o lu s  v u lg a r is  le a v e s . T h e  in c r e a s e
■ ?-Iin  l in o le ic  a c id  (1 8 :2 ) d u r in g  h a rd e n in g  w a s  a c c o m p a n ie d  b y  a d ecre as e .. i
in  th e  p e rc e n ta g e  o f p a lm i t ic  ( l6 : 0 )  and o le ic  a c id s  (1 8 :1 ) ,  w h ils t  th e  j
1
p e rc e n ta g e  o f l in o le n ic  a c id  (1 8 :3 ) r e m a in e d  c o n s ta n t. M o s t  o f ‘
t h e  in c r e a s e  in  l in o le ic  a c id  o c c u r re d  a f t e r  2 days  a t th e  :|
h a rd e n in g  te m p e r a tu r e ,  a p e r io d  w h ic h  p ro v id e d  n e a r ly  c o m p le te  ; j
p ro te c t io n  a g a in s t  c h i l l in g - in ju r y  (P . 40  ). T h e  in c re a s e s  in
>
l in o le ic  a c id  w e r e  p a r t ic u la r ly  la r g e  in  P C , P E  and P I  w h ic h  a r e  rt
c o n s id e re d  to  be im p o r ta n t  c o n s titu e n ts  o f th e  l ip id  p o r t io n  o f th e  |
p la s m a l le m a  and m ic r o s o m a l f r a c t io n s  (T a b le  19 ). W h e n  to ta l  q
.
le a f  f a t t y - a c id  w as  a n a ly s e d  th e  in c re a s e  in  l in o le ic  a c id  d e te c te d
in
w a s  s m a ll  (C h a p te r  3) due to  th e  fa c t  th a t  o n ly  22 p e r  c en t o f the  
to ta l  le a f  fa t t y - a c id s  a r e  a s s o c ia te d  w ith  the  p h o s p h o lip id s  (T a b le  3 ) ,   ^
N o in c re a s e s  in  e i t h e r  l in o le ic  a c id  o r  to ta l  p e r  cen t u n s a tu ra te d  
f a t t y - a c id  o c c u r r e d  d u r in g  th e  in e f fe c t iv e  h a rd e n in g  o f E p is c ia  ^
re p ta n s  a t 15 C ( F ig .  12 and T a b le  35 r e s p e c t iv e ly ) ,  e x c e p t fo r
. '  " ' i  , ■- . ■■■., .'T' j '■ ■■,
a s m a l l  in c re a s e  in  to ta l  p e r  c en t u n s a tu ra te d  f a t t y - a c id  in  P C .
T h is  r e s u lt  in d ic a te s  th a t  in c re a s e s  in  u n s a tu ra t io n  o f the  f a t t y -  
a c id s  in  G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  v u lg a r is  d u r in g  the  
h a rd e n in g  p e r io d  a r e  no t due to  an in d ir e c t  e f fe c t  o f te m p e r a tu r e  
on l ip id  m e ta b o lis m  u n a s s o c ia te d  w ith  th e  d e v e lo p m e n t o f c h i l l in g -  
r e s is ta n c e .
D u r in g  th e  4 - d a y  p e r io d  a t 12 C th e  c h i l l - r e s i s -tant s p e c ie s , 
H o rd e u m  v u lg a r e , show ed  no s ig n if ic a n t  change in  f a t t y - a c id  
c o m p o s it io n  o f th e  p h o s p h o lip id s , e x c e p t fo r  s m a l l  in c re a s e s  in  
to ta l  p e r  c e n t u n s a tu ra te d  f a t t y - a c id  in  P C , P E  and P A  (T a b le  35 ). 
H o w e v e r ,  in  th e  c o n tro l c h i l l - s e n s i t iv e  and c h i l l - r e s is t a n t  p la n ts  
m a in ta in e d  a t 2 5 ° C  o v e r  th e  h a rd e n in g  p e r io d , th e  p e rc e n ta g e  o f 
l in o le ic  a c id  and  to ta l  p e r  c e n t u n s a tu ra te d  f a t t y - a c id  d e c re a s e d  
( F ig .  1 2 ). T h e  d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le ic  a c id  o v e r  4  d a ys  
a t 2 5 ° C  w as  a c c o m p a n ie d  b y  an  in c r e a s e  in  th e  p e rc e n ta g e  o f p a lm it ic  
a c id . T h e r e f o r e  in  the c h i l l - s e n s i t iv e  p la n ts  G o s s y p iu m  h ir s u tu m  and  
P h a s e o lu s  v u lg a r is , a c c l im a t iz a t io n  re s u lts  in  la r g e  in c re a s e s  in  
un s a tu ra t io n  ab o ve  th e  le v e l  a t th e  s ta r t  o f h a rd e n in g , w h e re a s  in  
c h i l l - r e s is t a n t  p la n ts  h a rd e n in g  o n ly  p re v e n ts  th e  d e c re a s e  in  
u n s a tu ra t io n  th a t  o c c u rs  w ith  in c r e a s e  in  p h y s io lo g ic a l age a t 2 5 ^ C .
T h e  d e c re a s e s  in  u n s a tu ra t io n  o f the p h o s p h o lip id s  o f c h i l l -  
s e n s it iv e  p la n ts  w ith  in c r e a s e  in  age a t 2 5 ° C  co u ld  be r e la t e d  to  
the  g r e a t e r  s u s c e p t ib i l i ty  o f o ld e r  le a v e s  to  d a m a g e  a t c h i l l in g  and  
h a rd e n in g  te m p e r a t u r e s .  T a b le  8 (C h a p te r  1) c o m p a re s  th e  d e g re e
■ '. ' -, ’ • ‘ ■ • -  ''- -1 - ■■" . .  ’ ■ • '■■ , y°"' 'q "' ‘ ' -■ ’ / '  .. ' .'> . " • ' *■’■• %- ' q  ' 1
o f d a m a g e  due to  c h i l l in g  th e  le a v e s  o f G o s s y p iu m  h ir s u tu m  and  
P h a s e o lu s  v u lg a r is ,  w h ic h  h ad  b e e n  g ro w n  fo r  5 and 3 days  
r e s p e c t iv e ly  a t 2 5 ° C ,w ith  th e  d e g re e  o f d a m a g e  on c h il l in g  
th e  c o n tro ls  w h ic h  h ad  b e e n  m a in ta in e d  a t 2 5 ^ 0  fo r  a fu r t h e r  
4 d a y s  b e fo re  c h i l l in g .  T h e  o ld e r  le a v e s  s u s ta in e d  n e a r ly  
tw ic e  as  m u c h  d a m a g e  as  th e  y o u n g e r  o n es .
N o  ch an g es  w e r e  d e te c te d  in  the  f a t t y - a c id  c o m p o s it io n  o f 
th e  g ly c o lip id s  M G D G , D G D G  and  ST, in  th e  c h i l i - s e n s i t iv e  
p la n ts  a t 12 ° C  o r  in  th e  c o n tro ls  m a in ta in e d  a t 2 5 ° C  (T a b le s  3 6 , 37 
and  38 ) .  "
C h i l l - r e s is t a n t  s p e c ie s
T h e r e  w a s  no s ig n if ic a n t  change in  th e  f a t t y - a c id  c o m p o s it io n  
o f th e  p h o s p h o lip id s  o f H o rd e u m  v u lg a r e  d u r in g  h a rd e n in g  a t 1 2 ° C  
( F ig .  12 ), e x c e p t f o r  s m a l l  in c re a s e s  in  to t a l  p e r  c e n t u n s a tu ra te d  
f a t t y - a c id  in  P C ,  P E  and P A  (T a b le  35 ) . T h e s e  in c re a s e s  a r e  
a s s o c ia te d  w ith  th e  in c r e a s e d  re s is ta n c e  o f th e  p la n ts  to  f r o s t -  
in ju r y  a t - 4 ° C  (T a b le  34 ) .
:
-
T h e  d e g re e  o f u n s a tu ra t io n  o f the  p h o s p h o lip id s  o f H o rd e u m  
v u lg a r e  d e c re a s e d  w ith  in c r e a s e  in  age a t 2 5 ° C  (F ig .  12 ) .  T h e s e  
d e c re a s e s  co u ld  be r e la te d  to  th e  g r e a te r  s u s c e p t ib i l i ty  o f o ld e r  
p la n ts  to  f r o s t - i n j u r y .  T a b le  34  show s th a t 8 - d a y - o ld  le a v e s  o f  
H o rd e u m  v u lg a r e  w e r e  2 to  3 t im e s  m o re  in ju r e d  th a n  4 - d a y - o ld  
le a v e s .
N o changes  w e r e  d e te c te d  in  the f a t t y - a c id  c o m p o s it io n  o f 
th e  g ly c o lip id s  M G D G , D G D G  and S L  in  H o rd e u m  v u lg a r e  a t  
1 2 °C  o r  in  the  c o n tro ls  m a in ta in e d  a t 2 5 ° C  (T a b le s  36 , 37 
and 38  ).
#
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134.
P C
P E
P G
D A Y S
F ig .  12, T h e  e f fe c t  o f h a rd e n in g  on the  p e rc e n ta g e  o f l in o le ic  a c id  
a s s o c ia te d  w ith  p h o s p h o lip id s . C o n tin u o u s  l in e s  in d ic a te  p la n ts  
h a rd e n e d  a t 12 ° C ,  95 p e r  cen t R H  (1 5 ^ C  in  the  c a s e  o f E p is c ia  
r e p ta n s ) , and b ro k e n  lin e s  c o n tro ls  w h ic h  r e m a in e d  a t 2 5 ° C ..
4# G o s s y p iu m  h ir s u t u m ; O  P h a s e o lu s . v u lg a r is  ; "f“ E p is c ia  re p ta n s ; 
A H o rd e u m  v u lg a r e .
1 3 5 .
T a b le  35 . C h an g es  in  th e  to ta l  p e r  cen t u n s a tu ra te d  f a t t y - a c id  a s s o c ia te d  
w ith  th e  p h o s p h o lip id s  on h a rd e n in g  a t 1 2 °C  (1 5 ° C  in  th e  case  o f E p is c ia  
r e p ta n s ) . T h e  d e g re e  o f u n s a tu ra t io n  o f the  c o n tro ls  a f t e r  4 d a ys  a t 2 5 ° C  
is  c o m p a re d  w ith  th e  h a rd e n e d  p la n ts  a f te r  4 d ay s  a t 1 2 °C
T o ta l  p e r  c e n t u n s a tu ra te d  f a t t y - a . i d
E p is c ia G o s s y p iu m P h a s e o lu s H o rd e u m
L ip id re p ta n s h ir s u tu m v u lg a r is v u lg a re
2 5 °C 1 5 °C 2 5 ° C 1 2 °C 2 5 ° C 1 2^C 2 5 ° C 1 2 °C
P C 7 3 . 8 7 4 . 8 7 0 . 6 8 1 . 3 6 9 . 3 8 0 . 8 7 1 . 2 7 4 . 1
P E 7 2 . 8 7 1 . 1 6 0 .9 6 7 . 7 6 3 . 2 6 6 . 8 7 0 . 1 7 3 . 3
P I 5 8 .3 5 7 . 6 52 . 6 6 0 . 6 6 9 .4 6 4 . 7 5 8 .4 5 9 .9
■ P A 6 0 .7 52 . 0 6 2 . 6 7 2 .4 6 6 . 9 8 0 . 8 6 2 . 6 6 5 .4
P G 6 6 . 8 6 1 . 8 4 5 . 2 5 5 . 3 5 4 .4 5 9 .7 8 5 .8 8 5 . 6
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C ) C hanges in  th e  w e ig h ts  o f th e  p o la r  l ip id s  o f c h i l l - s e n s i t iv e  and  
c h i l l - r e s is t a n t  s p e c ie s  on h a rd e n in g  a t 1 2 ^ 0 , 95 p e r  cen t R H
C h i l l - s e n s i t iv e  s p e c ie s
T h e  w e ig h ts  o f a l l  p h o s p h o lip id s  re m a in e d  h ig h e r  d u r in g  th e  
h a rd e n in g  o f G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  v u lg a r is  th an  
in  th e  c o n tro ls  m a in ta in e d  a t 2 5 ° C  ( F ig .  1 3 ) .  H o w e v e r ,  th e  
w e ig h ts  o f a l l  p h o s p h o lip id s  d e c re a s e d  w ith  th e  d e v e lo p m e n t o f 
the p la n ts  a t 12 and 2 5 ° C  (e x c e p t fo r  in c re a s e s  in  the  w e ig h ts  o f 
P I  in  G o s s y p iu m  h ir s u tu m  and P A  in  P h a s e o lu s  v u lg a r is ), the  
r a te  o f d e c re a s e  b e in g  s lo w e r  in  th e  h a rd e n in g  p la n ts . T h is  
r e s u lt  is  c o n t r a r y  to  th a t  o f G u in n  (1 9 7 1 ) w ho re p o r te d  a d e c re a s e  
in  l ip id  s o lu b le  p h o s p h o ro u s  on h a rd e n in g  G o s s y p iu m  h ir s u tu m .  
T h e  d i f f e r e n t  r e s u lts  o f G u in n  m a y  be e x p la in e d  b y  the  w id e  
f lu c tu a t io n  in  l ip id  s o lu b le  p h o s p h o ro u s  c o n te n t o f h is  c o n tro l  
p la n ts .
T h e  lo w  le v e ls  o f p h o s p h o lip id  in  the  o ld e r  le a v e s  o f c h i l l -  
s e n s it iv e  p la n ts  a t 2 5 ° C , c o m b in e d  w ith  th e  lo w e r  d e g re e  o f 
u n s a tu ra t io n  o f th e  f a t t y - a c id s ,m a y  p la y  an  im p o r ta n t  r o le  in  
d e te r m in in g  th e  d e g re e  o f in ju r y  s u ffe re d  b y  a le a f  a t a p a r t ic u la r  
a g e . T h e  a b s o lu te  d e c re a s e  in  th e  w e ig h t o f p h o s p h o lip id s  p e r  
g ra m m e  d r y  w e ig h t o f lo a f  in  th e  c o n tro l c h i l l - s e n s i t iv e  s p e c ie s  
m a y , h o w e v e r , be due to  th e  s to ra g e  o f c a rb o h y d ra te s  s y n th e s iz e d  
u n d e r  th e  fa v o u ra b le  g ro w th  c o n d it io n s .
T h e  w e ig h ts  o f a l l  g ly c o lip id s  a ls o  te n d e d  to  d e c re a s e  in  the  
c h i l l - s e n s i t iv e  p la n ts  a t 12 and 2 5 ° C , e x c e p t fo r  a s m a ll  in c re a s e
1 4 0 . !
1
in  M G D G  in  P h a s e o lu s  v u lg a r is  a t 2 5 ° C  ( F ig .  14 % T h e  w e ig h ts  
o f th e  g ly c o lip id s  M G D G  an d  D G D G  w e re  lo w e r  in  the h a rd e n e d  
c h i l l - s e n s i t iv e  p la n ts  th a n  in  th e  c o n tro ls ,  e x c e p t fo r  D G D G  in  
G o s s y p iu m  h i r s u t u m . I f  h a rd e n in g  in v o lv e s  r e  s y n th e s is  o f y
p h o s p h o lip id s  w ith  a h ig h e r  d e g re e  o f un s a tu ra t io n , i t  is  th o u g h t 
th a t  th e s e  d e c re a s e s  in  g ly c o lip id s  m ig h t be  due to  t h e i r  c a ta b o lis m  
e ith e r  as  a s o u rc e  o f e n e rg y  o r  o f f a t t y - a c id s .  S in ce  th e  w e ig h t  'v'
o f .p h o s p h o lip id s  is  h ig h e r  in  th e  h a rd e n e d  c h i l l - s e n s i t iv e  p la n ts ,  
th e  d e c re a s e  in  t o ta l  w e ig h t  o f le a f  f a t t y - a c id  on h a rd e n in g  (P .  80 ) 
m u s t be  a t t r ib u ta b le  to  d e c re a s e s  in  th e  w e ig h ts  o f n e u t r a l  and  
g ly c o lip id s .
C h i l l - r e s is t a n t  s p e c ie s
In  c h i l l - r e s is t a n t  H o rd e u m  v u lg a r e  th e  w e ig h ts  o f th e  p h o s p h o lip id s  
P C , P E  and P G  in c r e a s e d  a t 1 2 °C  and th e  w e ig h ts  o f a l l  the  
p h o s p h o lip id s  d e c re a s e d  in  the  c o n tro ls  m a in ta in e d  a t 2 5 °C  ( F ig .  13 ). 
T h e  in c r e a s e  in  w e ig h t  o f th e s e  p h o s p h o lip id s  and  th e  in c r e a s e  in  
to ta l  p e r  c e n t u n s a tu ra te d  f a t t y - a c id  o f P C ,  P E  and P A  a t 1 2 °C  
is  r e la te d  to  g r e a te r  r e s is ta n c e  o f th e s e  p la n ts  to  f r o s t - in ju r y  
(T a b le  34 ) .  . . '
In  c o n tra s t  to  th e  c h i l l - s e n s i t iv e  s p e c ie s  th e  w e ig h ts  o f M G D G  
in  H o rd e u m  v u lg a r e . r e m a in e d  v e r y  s ta b le  a t 12 and 2 5 ^ C  and  
D G D G  in c re a s e d  s l ig h t ly  (F ig .  14 ).
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F ig .  13. T h e  e f fe c t  o f h a rd e n in g  on th e  w e ig h t o f le a f  p h q s p h o lip id s .  
C o n tin u o u s  l in e s  in d ic a te  p la n ts  h a rd e n e d  a t 12*^C, 95 p e r  cen t R H ,  
and b ro k e n  lin e s  c o n tro ls  w h ic h  r e m a in e d  a t 2 5 ^ C . O G o s s y p iu m  
h ir s u tu m ;  O  P h a s e o lu s  v u lg a r is ; ^  H o rd e u m  v u lg a r e .
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F ig .  14. T h e  e f fe c t  o f h a rd e n in g  on th e  w e ig h t o f le a f  g ly c o lip id s .  
C o n tin u o u s  l in e s  in d ic a te  p la n ts  h a rd e n e d  a t 1 2 ° C , 95 p e r  c en t R H ,  
and  b ro k e n  l in e s  c o n tro ls  w h ic h  re m a in e d  a t 2 5 ° C . O G o s s y p iu m  
h ir s u t u m ; O  P h a s e o lu s  v u lg a r is ;  k  H o rd e u m  v u lg a r e .
3. THE E FF EC T S OF CHILLING AT 5°C, 85 PER  CENT RH
A )  C hanges in  the  f a t t y - a c id  c o m p o s it io n s  o f  the  p o la r  l ip id s  o f 
c h i l l - s e n s i t iv e  and c h i l l - r e s is t a n t  s p e c ie s  on c h i l l in g  a t 5 ° C ,
85 p e r  c en t R H
C h i l l - s e n s i t iv e  s p e c ie s
T h e  c h i l l in g  o f h a rd e n e d  and n o n -h a rd e n e d  G o s s y p iu m  h ir s u tu m  
and P h a s e o lu s  v u lg a r is  p la n ts  r e s u lte d  in  a  decree^se in  th e  
p e rc e n ta g e  o f l in o le ic  a c id  a s s o c ia te d  w ith  th e  p h o s p h o lip id s '
(F ig ,  15 ) ,  e x c e p t in  P G . T h e s e  changes a r e  s m a l l  in  c o m p a r is o n  
to  th e  la r g e  in c re a s e s  in  u n s a tu ra t io n  th a t o c c u r r e d  on h a rd e n in g ,  
so th a t  h a rd e n e d  and c h il le d  c h i l l - s e n s i t iv e  p la n ts  s t i l l  h a v e  a f a r  
g r e a t e r  d e g re e  o f u n s a tu ra t io n  o f the. p h o s p h o lip id s  th a n  th e  n o n -  
h a rd e n e d  and c h il le d  p la n ts .
' T h e r e  w as  no d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  
a s s o c ia te d  w ith  a n y  o f th e  p h o s p h o lip id s  o f G o s s y p iu m  h ir s u tu m  and  
P h a s e o lu s  v u lg a r is  on c h i l l in g  as w o u ld  be e x p e c te d  f r o m  the  
d e c re a s e  in  the  p e rc e n ta g e  o f l in o le n ic  a c id  in  th e  to ta l  le a f  
f a t t y - a c id  a n a ly s e s  d u r in g  c h i l l in g  (C h a p te r  3 ). A  d e c re a s e  in  -
the  p e rc e n ta g e  o f l in o le n ic  a c id  a s s o c ia te d  w ith  th e  g ly c o lip id s  
M G D G , D G D G  and  S L  o c c u r r e d  on c h i l l in g  n o n -h a rd e n e d  G o s s y p iu m  
h ir s u tu m  (T a b le  39 ) b u t w as  no t d e te c te d  in  P h a s e o lu s  v u lg a r is  
(T a b le  4 0 ) and  H o rd e u m  v u lg a r e  (T a b le  4 1 ) . T h is  d e c re a s e  in  th e  
p e rc e n ta g e  o f l in o le n ic  a c id  a s s o c ia te d  w ith  th e  g ly c o lip id s  on  
c h il l in g  G o s s y p iu m  h ir s u tu m  w as  re d u c e d  b y  h a rd e n in g  the  p la n ts  
b e fo re  c h i l l in g  (T a b le  3 9 ). T h e  d e c re a s e  in  th e  p e rc e n ta g e  o f  
l in o le n ic  a c id  on c h i l l in g  n o n -h a rd e n e d  G o s s y p iu m  h ir s u tu m  w as  
a ls o  e v id e n t in  th e  c a lc u la t io n  o f th e  to ta l  f a t t y - a c id  c o m p o s it io n  
o f th e  p o la r  l ip id s  and  w a s  d u e , in  p a r t ,  to  m o re  p ro n o u n c e d
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d e c r e a s e s 'in  th e  w e ig h ts  o f M G D G  and P C  th a n  o th e r  l ip id s  oh  
c h il l in g  (T a b le  4 2 ) , as w e l l  as a d e c re a s e  in  th e  p e rc e n ta g e  o f  
l in o le n ic  a c id  a s s o c ia te d  w ith  th e  g ly c o lip id s  (T a b le  3 9 ). T h e s e  
changes d id  n o t o c c u r  in  P h a s e o lu s  v u lg a r is  (T a b le  4 3 ).
C h i l l - r e s is t a n t  s p e c ie s
o *H a rd e n in g  H o rd e u m  v u lg a re  f o r  1 d a y  a t 5 C r e s u lte d  in  s m a ll  
in c re a s e s  in  th e  p e rc e n ta g e  o f l in o le ic  a c id  and h e n c e  to ta l  p e r  
ce n t u n s a tu ra te d  f a t t y - a c id  in  th e  p h o s p h o lip id s  P C , P E  and P I  
(F ig .  15 ) . T h e  in c r e a s e  in  th e  p e rc e n ta g e  o f l in o le ic  a c id  w as  
no t d e te c ta b le  d u r in g  h a rd e n in g  a t 1 2 °C  w h ic h  m a y  be th e  c au se  
o f th e  g r e a t e r  s u s c e p t ib i l i ty  o f th e s e  p la n ts  to  f r e e  z in g - in ju r y  
th a n  th o s e  h a rd e n e d  f o r  1 d a y  a t 5 ° C  (T a b le  34 ),
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F ig .  15. T h e  e f fe c t  o f c h i l l in g  h a rd e n e d  and n o n -h a rd e n e d  p la n ts  a t 
5 ° C ,  85 p e r  c e n t R H , on th e  p e rc e n ta g e  o f l in o le ic  a c id  a s s o c ia te d  
w ith  th e  le a f  p h o s p h o lip id s . C o n tin u o u s  lin e s  in d ic a te  p la n ts  w h ic h  
had  b ee n  h a rd e n e d  fo r  4 d a y s  a t 1 2 ° C , 95 p e r  ce n t R H , b e fo re  c h i l l in g ,  
and b ro k e n  lin e s  c o n tro ls  w h ic h  re m a in e d  a t 2 5 ° C  b e fo r e  c h i l l in g .
•  G o s s y p iu m  h ir s u tu m  ; O  P h a s e o lu s  v u lg a r is ; A H o rd e u m  v u lg a r e .
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T a b le  39 . C h an g es  in  the  p e rc e n ta g e  fa t t y - a c id  c o m p o s it io n  o f
V l 4 6 V
m ono g a la c to s y l d ig ly c e r id e  and d ig a la c to s y l d ig ly c e r id e  in  the .A
n o n -h a rd e n e d  and h a rd e n e d  le a v e s  o f G o s s y p iu m  h ir s u tu m
d u r in g  c h i l l in g  a t 5^C , 85 p e r  c e n t R H .
D i r e c t l y  c h il le d H a rd e n e d  b e fo re  c h i l l in g  •
F a t t y - a c id C o n tro l c h il le d c h ille d c h il le d c h il le d
12 h o u rs 24 h o u rs 12 h o u rs 24 h o u rs  J
M G D G
14:0 1 .6 1. 1 3. 2 2. 0 2 . 2
16:0 1 .8 1. 8 3. 5 1. 7 2 . 1 3
16:1 0 . 5 0 . 5 1. 1 1. 0 0 .7  ;
16:2 0 .7 0 .6 1. 7 1. 0 1 .1
18:0 0 . 5 0. 4 1. 1 0 .7 0 .7  y
18:1 0 . 8 1. 2 1 .7 0 . 9 0 . 9
18:2 2 . 2 2. 3 3. 2 2. 2 2 .4
18:3 9 1 . 9 92 . 1 8 4 . 5 9 0 .4 8 9 .9
T o ta l  p e r  cen t
u n s a tu ra te d 9 6 . 1 9 6 .7 9 2 . 2 9 5 .6 9 5 .0
fa t t y - a c id
D G D G
14:0 2. 0 1 .7 2. 4 2. 2 1 .6
16:0 9 . 8 9. 0 1 1 .7 1 0 .6 11. 2
16:1 0 . 6 0 .7 0 .9 0 .9 0 . 6
16:2 0 . 6 0 , 7 1. 3 1, 0 1. 0
18:0 1. 0 1. 1 1 .4 1. 2 1 .0
18:1. 1 .6 1. 7 2. 0 1. 7 1 .6
18:2 2 .9 2. 7 3. 1 3 . 4 2. 6
18:3 8 1 . 5 8 2 .4 7 7 . 2 7 9 . 0 8 0 .4
T o ta l  p e r  cen t
u n s a tu ra te d 8 7 . 2 8 8 . 2 84 . 5 8 6 . 0 8 6 .2
f a t t y - a c id
iÎ ■ VîiV? V -r>p- :.x
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T a b le  39 . (C o n tin u e d ). C h an g es  in  th e  p e rc e n ta g e  fa t ty -a c id ,  c o m p o s it io n  / 
o f s u lp h o lip id  in  th e  n o n -h a rd e n e d  and h a rd e n e d  le a v e s  o f G o s s y p iu m  
h ir s u tu m  d u r in g  c h i l l in g  a t 5 ° C ,  85 p e r  cen t R H
D i r e c t l y  c h il le d H a rd e n e d  b e fo re  c h i l l in g
F a t t y - a c id C o n tro l c h il le d c h il le d c h il le d c h il le d
12 h o u rs 24 h o u rs 12 h o u rs 24 h o u rs
S L
14:0 8 .9 7 . 6 13. 7 6 . 8 7 . 7
1 6 : 0 33 . 6 3 0 . 1 3 5 . 2 3 1 .4 3 5 . 0
1 6 : 1 2. 9 5 .7 3 .9 4 . 7 2. 8
16:2 3 .9 6 . 3 6 . 5 5. 3 . 4 . 9
18:0 3 . 3 5. 3 6 . 5 6 . 0 5 . 3
18:1 • 5 .8 7 . 1 5. 6 6 . 1 5. 3
18:2 7 . 1 6 . 6 5. 2 6 . 7 6 . 0
18:3 3 4 .5 31 . 3 2 3 .4 3 3 . 0 3 3 . 0
T o ta l  p e r  cen t
u n s a tu ra te d 5 4 . 2 5 6 .9  ' 4 4 . 6 55 . 8 5 2 . 0
f a t t y - a c id £
VfJ
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T a b le  4 0 . C h anges  in  th e  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  o f 
m o n o  g a la c to s y l d ig ly c e r id e  and d ig a la c to s y l d i^ ly c e r id e  in  the  
n o n -h a rd e n e d  and h a rd e n e d  le a v e s  o f P h a s e o lu s  v u lg a r is  d u r in g  
c h il l in g  a t 5 °C , 85 p e r  cen t R H
D i r e c t l y  c h il le d H a rd e n e d  b e fo re  c h il l in g #
■v'
V
F a t t y - a c id C o n tro l c h il le d  
12 h o u rs
c h il le d  
24 h o u rs
c h il le d  
12 h o u rs
c h i l le d
24 h o u rs......... .............
M G D G (
14 :0 1. 2 1. 2 1. 6 1. 7 1 .5
V 16:0 1. 8 1. 6 2. 0 1. 1 1. 1
1 6 : 1 0 . 4 0 . 5 0 . 5 0 . 4 0 . 6
16:2 0 . 2 0. 3 0. 4 0. 2 0 . 5
-V . 18 :0 0 . 4 0 . 4 0 . 5 0 . 3 0 .4
18:1 0 . 4 0 . 5 0 .6 0 .5 0 . 5
18:2 1. 7 1 .6 1 .7 1 .9 1 .4
r
f.
18:3  
T o ta l  p e r  cen t
9 3 .9 9 3 .9 9 2 .7 9 3 .9 9 4 .0
>
r '  \  ■
u n s a tu ra te d  
f a t t y - a c id
D G D G
96 . 6 9 6 . 8 9 5 .9 9 6 .9 9 7 .0
14:0 1. 2 1. 1 1. 0 1. 1 0 . 8
16:0 9 . 1 9 . 3 8 . 8 8 . 1 8 . 0
16:1 0 .6 0 . 7 0 .4 0 . 6 0 . 8
16 :2  ’ 0 . 4 0 . 4 0 . 3 . 0 . 3 0 .5
18:0 2. 2 1. 8 1. 8 1. 5 1 .5  ÿ
18:1 0 . 7 0 . 8 0 .5 0 . 6 0 . 7  %.î-
18 :2 1. 6 1. 4 1. 1 1. 2 1 .4
18:3  
T o ta l  p e r  cen t
8 4 .4 84 . 5 86 . 1 8 6 . 6 8 6 . 3
u n s a tu ra te d  
f a t t y - a c id
8 7 . 7 87 . 8 8 8 .4 8 9 . 3 8 9 .7  §
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T a b le  4 0 . (C o n tin u e d ). C h an g e s  in  th e  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
o f s u lp h o lip id  in  th e  n o n -h a rd e n e d  and h a rd e n e d  le a v e s  o f P h a s e o lu s  
v u lg a r is  d u r in g  c h i l l in g  a t 5 ° C ,  85 p e r  c e n t R H
D i r e c t l y  c h il le d H a rd e n e d  b e fo re  c h ill in g !
1
F a t t y - a c id C o n tro l c h il le d  
12 h o u rs
c h il le d  ' 
24 h o u rs
c h il le d  
12 h o u rs
c h i l le d  ‘ : 
24  h o u rs
S L
-•’ .'•rtf
1
6 . 014:0 4 . 9 3 . 8 4 . 3 3. 0
1 6 : 0 2 1 .9 22 . 8 2 3 .4 2 3 . 2 2 2 .1  jjl
1 6 : 1 2. 3 2. 2 2. 6 2. 7 3 . 1
1 6 : 2 3. 2 1. 8 2 .3 t ,  1 2 .6
18:0 4 . 8 5 . 3 4 . 7 4 . 2 5 . 4  j
18:1 2. 2 2 . 2 2 .5 1. 0 2 .0
18:2 3. 0 2. 6 2. 8 1 .5 1 .8
18:3  
T o ta l  p e r  c en t
5 7 .9 5 9 . 3 5 7 .4 6 2 . 3 5 7 .0  i
u n s a tu ra te d  
fa t ty —a c id
6 8 .4 6 8 . 1 6 7 . 6 6 9 .6 6 6 .5  iVj
f
y
1
7 7 ^
T a b le  4 1 . C h an g es  in  th e  p e rc e n ta g e  fa t t y - a c id  c o m p o s it io n  o f 
m o n o g a la c to s y l d ig ly c e r id e  and d ig a la c to s y l d ig ly c e r id e  in  the  
n o n -h a rd e n e d  and h a rd e n e d  le a v e s  o f H o rd e u m  v u lg a r e  d u r in g  
c h il l in g  a t 5^ C , 85 p e r  c e n t R H
D i r e c t l y  c h il le d H a rd e n e d  b e fo re  c h i l l in g
F a t t y - a c id C o n tro l c h il le d  
12 h o u rs
c h ille d  
24 h o u rs
c h il le d  
12 h o u rs
c h il le d  
24 h o u rs
M G D G
14:0 1 .4 1. 1 1. 1 1. 1 • 1. 2
16:0 1. 3 1. 5 1. 6 1 .4 1 .4
16:1 0 . 4 0 .4 0 . 4 0 . 2 0 .3
16:2 0 . 4 0 .4 0 . 5 0 . 3 0 . 3
18:0 0 . 3 0 .4 0 . 3 0 . 3 0 . 2
18:1 0 . 4 0 .4 0 .4 0 . 4 0 .4
18 :2 4 . 1 4 . 5 4 . 5 3 . 0 2 . 8
18:3  
T o ta l  p e r  cen t
9 1 .7 91 . 3 9 1 . 2 9 3 . 3 9 3 .4
u n s a tu ra te d  
f a t t y - a c id
D G D G
9 7 . 0 9 7 . 0 97 . 0 9 7 . 2 9 7 . 2
14 :0 1 .0 1. 0 0 .9 1 .0 1. 0
16:0 11. 1 11. 2 11. 6 12. 6 1 2 .4
1 6 : 1 0 . 4 0 . 4 0 . 4 0 . 4 0 .4
16 :2 0 . 2 0 .4 0 . 4 0 . 3 0. 3
18:0 1. 0 1 .3  . 1. 3 1. 2 1. 1
18:1 0 . 6 0 .7 0 .9 0 . 6 0 . 6
18:2 4 . 0 3 . 8 4 . 2 3. 3 3. 2
18:3  
T o ta l  p e r  c e n t
8 1 . 7 81 . 2 80 . 3 8 0 . 6 8 1 .0
u n s a tu ra te d
fa t t y - a c id
8 6 . 9 8 6 . 5 86 . 2 85 . 2 8 5 .5  ■'
7 : * '
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T a b le  4 1 . (C o n tin u e d ). C h an g es  in  th e  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  
o f s u lp h o lip id  in  the n o n -h a rd e n e d  and h a rd e n e d  le a v e s  o f H o rd e u m  
v u lg a r e  d u r in g  c h i l l in g  a t 5 ^ C , 85 p e r  c e n t R H
D i r e c t l y  c h il le d H a rd e n e d  b e fo r e  ch illing^
F a t t y - a c id C o n tro l c h il le d  
12 h o u rs
c h il le d  
24 h o u rs
c h il le d  
12 h o u rs
c h il le d  
24 h o u rs
S L .
14:0 7 . 0 4 . 5 7 . 1 6 . 3 6 . 3  a
1 6 : 0 24 . 1 2 3 . 6 2 4 .4 2 2 .9 2 3 . 9 ' " j
1 6 : 1 2 . 1 5 . 0 3 . 8 2 . 1 1 .8
2 .3  11 6 : 2 1 .9 4 . 6 3 . 3 2 .4
18:0 2. 2 3 .6 2 . 1 2. 3 2 . 3
18:1 1. 8 3 . 2 1. 8 1 .7 1 .8
18:2 5 . 2 6 . 0 5 . 4 4 . 4 3 . 3
18:3  
T o ta l  p e r  cen t
5 5 .7 4 9 .5 5 2 . 1 5 7 .9 5 7 .3  j
'/'t
u n s a tu ra te d  
f a t t y - a c id
6 6 . 7 6 8 . 3 6 6 . 4 6 8 . 5 6 7 . 5
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B) C h anges  in  th e  w e ig h ts  o f th e  p o la r  l ip id s  o f c h i l l - s e n s i t iv e  and  
c h i l l - r e s is t a n t  s p e c ie s  on c h i l l in g  a t 5 ° C , 85 p e r  c e n t R H
C h i l l - s e n s i t iv e  s p e c ie s
T h e  c h il l in g  o f n o n -h a rd e n e d  c h i l l - s e n s i t iv e  p la n ts  c a u s e d  ra p id  
d e c re a s e s  in  th e  w e ig h ts  o f a l l  p h o s p h o - and g ly c o lip id s  (F ig s .  l6  
and  17 r e s p e c t iv e ly ) ,  e x c e p t f o r  P A  w h ic h  in c r e a s e d . T h e  
in c r e a s e  in  P A  s u g g es ts  th a t  lo s s  o f p h o s p h o lip id  w a s  due to  
in c re a s e d  p h o s p h o lip a s e  a c t iv i t y  as a r e s u l t  o f th e  p h a s e  c h an g e .
H a rd e n in g  th e  le a v e s  o f c h i l l - s e n s i t iv e  s p e c ie s  b e fo re  c h i l l in g  
' re d u c e d  su b s eq u en t lo s s e s  o f p o la r  l ip id s  so th a t th e  w e ig h t  o f a l l  
l ip id s  w a s  h ig h e r  in  th e  h a rd e n e d  and c h il le d  p la n ts  th a n  th e  n o n -  
h a rd e n e d  and c h i l le d  p la n ts , e x c e p t fo r  P A  (F ig s ,  16 and 17 ).
W h e n  h a rd e n e d  P h a s e o lu s  v u lg a r is  p la n ts  w e r e  c h i l le d  th e  w e ig h ts  
o f P C ,  P E  and P I  in c r e a s e d  ab o ve  the  le v e l  a t  th e  end o f th e  
h a rd e n in g  p e r io d ,  in d ic a t in g  th a t th e  h a rd e n in g  t r e a tm e n t  m ig h t  
in v o lv e  th e  a c q u is it io n  o f th e  c a p a c ity  f o r  in c r e a s e d  p h o s p h o lip id  
s y n th e s is  on e x p o s u re  to  c h i l l in g ,b u t  s im i la r  in c r e a s e s  d id  n o t  
o c c u r  on c h i l l in g  h a rd e n e d  G o s s y p iu m  h ir s u tu m .
C h i l l - r e s is t a n t  s p e c ie s
'N o  in c re a s e  in  th e  w e ig h t o f th e  p h o s p h o lip id s  o f H o rd e u m  v u lg a r e  
le a v e s  co u ld  be d e te c te d  d u r in g  1 d a y  a t 5 ° C ,  th e  w e ig h t o f p h o s p h o ­
l ip id  r e m a in in g  c o n s ta n t ( F ig .  l 6  ) .  T h e  m a jo r  changes  in  th e  w e ig h ts  4 
o f g ly c o lip id s  on h a rd e n in g  H o rd e u m  v u lg a r e  f o r  1 d a y  a t 5 ° C  w e re
s m a ll  d e c re a s e s  in  th e  w e ig h ts  o f M G D G  and D G D G  in  th e  p la n ts  
g ro w n  a t 12^C  and a d e c re a s e  in  M G D G  in  th e  p la n ts  g ro w n  a t 2 5 ° C  
b e fo re  h a rd e n in g  a t  5 ° C  (F ig .  17 ),
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F ig .  l 6 .  C hanges  in  w e ig h t o f le a f  p h o s p h o lip id s  on c h i l l in g  h a rd e n e d  
and  n o n -h a rd e n e d  p la n ts  a t 5 ° C , 85 p e r  ce n t R H . C o n tin u o u s  l in e s  
in d ic a te  p la n ts  w h ic h  had  b e en  h a rd e n e d  fo r  4 d ay s  a t 12^C , 95 p e r  
c e n t R H , b e fo re  c h i l l in g ,  and b ro k e n  l in e s  th e  c o n tro ls  w h ic h  r e m a in e d  
a t 2 5 ° C  b e fo re  c h i l l in g .  ®  G o s s y p iu m  h ir s u t u m ; O  P h a s e o lu s  v u lg a r is ;
4  H o rd e u m  v u lg a r e .
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F ig .  17. C h anges  in  th e  w e ig h t o f le a f  g ly c o lip id s  on c h i l l in g  h a rd e n e d  
and n o n -h a rd e n e d  p la n ts  a t 5 ° C ,  85 p e r  cen t R H . C o n tin u o u s  lin e s  
in d ic a te  p la n ts  w h ic h  had  b e e n  h a rd e n e d  a t 1 2 ^ C , 95 p e r  c e n t R H ,  
b e fo re  c h i l l in g ,  and  b ro k e n  l in e s  c o n tro ls  w h ic h  r e m a in e d  a t 2 5 ^ C  
b e fo re  c h i l l in g .  •  G o s s y p iu m  h ir s u t u m ; Q P h a s e o lu s  v u lg a r is ;
A  H o rd e u m  v u lg a r e .
I
    ' '
ï E -
4 . T H E  E F F E C T S  O F  C H IL L IN G  A T  5 " C , 100 P E R  C E N T  R H  A N D  
G R O W T H  A T  1 2 ° C , .100 P E R  C E N T  R H .
A ) C h an g es  in  th e  f a t t y - a c id  c o m p o s itio n s  o f th e  p o la r  l ip id s  o f c h i l l -  
s e n s it iv e  P h a s e o lu s  v u lg a r is  on c h il l in g  a t 5 ° C ,  100 p e r  cen t R H  
and g ro w th  a t 1 2 ^ C , 100 p e r  c en t R H .
L e a v e s  o f P h a s e o lu s  v u lg a r is  c h il le d  a t 100 p e r  cen t R H  b y  
e n c lo s u re  in  p o ly th e n e  bags f o r  4 days d id  no t h a rd e n  a g a in s t  
c h il l in g  a t 5 ^ C , 85  p e r  cen t R H  (P . 3 5 ) .  In  a d d it io n , g ro w th  
a t 1 2^ C , 100 p e r  c e n t R H , f o r  4 days  d id  n o t p ro v id e  p r o te c t io n  
a g a in s t c h i l l in g  a t 5 ^ C , 85 p e r  c e n t R H  (P . 35 ) , In  a g re e m e n t  
w ith  th e s e  r e s u lts  a n a ly s e s  o f th e  le a f  p h o s p h o - and g ly c o lip id s  
o f p la n ts  t r a n s f e r r e d  f r o m  25 to  5 ° C , 100 p e r  c e n t R H , and 12 ^ C , 
100 p e r  ce n t R H , fo r  4 d ays  show ed  no in c r e a s e  in  th e  d e g re e  o f 
u n s a tu ra t io n  (T a b le s  4 4  to  51 ).
D u r in g  th e  4 - d a y  p e r io d  a t 5 ^ C , 100 p e r  c en t R H , and 1 2 °C ,
100 p e r  cen t R H , th e  p e rc e n ta g e  o f l in o le ic  a c id  a s s o c ia te d  w ith  
the  p h o s p h o lip id s  d e c re a s e d  (T a b le s  47  to  51 ) . T h is  d e c re a s e  
in  l in o le ic  a c id  is  s im i la r  to  th a t  w h ic h  o c c u r r e d  in  th e  c o n tro ls  
m a in ta in e d  a t 2 5 ° C , 100 p e r  c e n t R H , o v e r  th e  4 - d a y  p e r io d .
T h e  d e c re a s e s  in  un s a tu ra t io n  w ith  in c r e a s e  in  p h y s io lo g ic a l  
age a t 2 5 ° C , 100 p e r  c e n t R H , w e re  s im i la r  to  th o s e  a t 2 5 ^ C ,
95 p e r  c e n t R H , show n in  F ig .  1 2 . H o w e v e r ,  in  p la n ts  m a in ta in e d  
fo r  4 days  a t 5 ° C ,  100 p e r  cen t R H , and 1 Z ^C , 100 p e r  c e n t R H ,  
th e  d e c re a s e  in  l in o le ic  a c id  w as  u s u a lly  a c c o m p a n ie d  b y  an  
in c r e a s e  in  l in o le n ic  a c id  so th a t the  to ta l  p e rc e n ta g e  u n s a tu ra te d  
f a t t y - a c id  te n d e d  to  r e m a in  co n s ta n t o r  d e c re a s e  (T a b le s  47 to  51 ). 
T h e r e f o r e  d u r in g  4 d a y s ’ g ro w th  a t 5 ° C ,  100 p e r  c e n t R H , and
1 2 ^ C , 100 p e r  c e n t R H , th e  p e rc e n ta g e  o f l in o le ic  a c id  a s s o c ia te d  
w ith  th e  p h o s p h o lip id s  d e c re a s e d . In  c o n tra s t , d u r in g  th e  e f fe c t iv e  
h a rd e n in g  a t 1 2 ° C , 95 p e r  c e n t R H , the  p e rc e n ta g e  o f l in o le ic  a c id  
and  to ta l  p e rc e n ta g e  u n s a tu ra te d  fa t t y - a c id  a s s o c ia te d  w ith  th e  
p h o s p h o lip id s  in c r e a s e d  (P . 1 3 0 ).
B ) C h an g es  in  th e  v /e ig h ts  o f th e  p o la r  l ip id s  o f c h i l l - s e n s i t iv e  
P h a s e o lu s  v u lg a r is  on c h i l l in g  a t 5 ° C ,  100 p e r  c e n t R H  and  
g ro w th  a t 1 2 ° C , 100 p e r  c e n t R H .
N o  s ig n if ic a n t  changes  w e r e  d e te c te d  in  th e  w e ig h ts  o f g ly c o -  
and p h o s p h o lip id s  d u r in g  4  d a y s ' g ro w th  a t 5 ° C ,  100 p e r  c e n t R H , 
and 1 2 ^ 0 , 100 p e r  c e n t R H  (T a b le  52 ) . T h e r e f o r e ,  c h i l l in g  a t 5 ° C ,  
100 p e r  ce n t R H , p re v e n te d  th e  ra p id  d e c re a s e s  in  th e  w e ig h ts  o f  
p h o s p h o - and  g ly c o lip id s  th a t  a c c o m p a n y  c h i l l in g - in ju r y  a t 5 ° C ,
85  p e r  cen t R H  (F ig s . l6  and  17 ).
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T a b le  4 4 . C h an g es  in  th e  p e rc e n ta g e  fa t t y - a c id  c o m p o s it io n  o f m ono  g a lac to sy l:'
d ig ly c e r id e  o f P h a s e o lu s  v u lg a r is  le a v e s  on c h il l in g  a t 5 C , 100 p e r  cen t 
r e la t iv e  h u m id ity  and g ro w th  a t 1 2 °C , 100 p e r  ce n t r e la t iv e  h u m id ity
F a t t y - a c id
C o n tro l  
(L e a v e s  3 
d a ys  o ld )
C h il le d  48  
h o u rs  a t 5 ° C ,  
100 p e r  cen t 
r e la t iv e  
h u m id ity
C h il le d  96 
h o u rs  a t 5 ° C ,  
100 p e r  cen t 
r e la t iv e  
h u m id ity
g ro w n  
fo r  96 h o u rs  
a t 1 2 ° C ,
100 p e r  cent'!':' 
r e la t iv e  
h u m id ity
. 14:0 1. 2 0 . 8 1 .9 1. 2
16:0 1 .8 1. 2 1 .7 1 .6  ;
1 6 : 1 0 . 4 0 . 5 0 .7 0 . 3
. 16 :2 0 . 2 0 . 3 0 . 4 0 .4
18:0 0 . 4 0 . 3 0 . 5 0 . 1
18:1 0 .4 0 .5 0 .5 0 . 6
18 :2 1 .7 1 .4 1. 6 2 .0
18:3 9 3 .9 95 . 0 9 2 . 7 9 3 .8  %
T o ta l  p e r  cen t
18 :2  + 18:3 9 5 . 6 9 6 .4 9 5 .9 9 7 . 1
T o ta l  p e r  cen t 
u n s a tu ra te d  
f a t t y - a c id
9 6 . 6 9 7 .7 9 4 . 3 9 5 . 8
l 60;)' :.’ ■ ■ 
/•
È ' T a b le  4 5 . C han g es  in  th e  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  of d ig a la c to s y l
1 d ig ly c e r id e  o f P haioeo lus v u lg a r is  le a v e s  on c h i l l in g  a t 5 ° C , 100 p e r  cen t
'=% r e la t iv e  h u m id ity  a n d ' g ro w th  a t 1 2 ° C , 100 p e r  ce n t r e la t iv e h u m id ity
V, . •
g ro w n
' C h il le d  48 C h il le d  96 fo r  96 h o u rs  ^
h o u rs  a t 5^ C , h o u rs  a t 5 ° C , a t 1 2 ° C ,
F a t t y - a c id C o n tro l 100 p e r  cen t 100 p e r  cen t 100  p e r  c e n t
(L e a v e s  3 r e la t iv e r e la t iv e r e la t iv e  v;
V- d a y s  o ld ) h u m id ity h u m id ity h u m id ity
14:0 1. 2 1 .4 1 .0 0 . 8
16:0 9 . 1 . 9 . 1 9 . 8 8 . 6
16:1 0 , 6 0 . 8 1. 2 0 .6
16:2 0 . 4 0 . 4 1. 0 0 . 8
~ 18:0 2 . 0 . 2 . 0 1. 0 0 . 8  %
18:1 0 .7 0 .7 1. 2 0 .9
18:2 1. 6 1 .5 2. 0 1 .7
,  . 18:3 8 4 .4 8 4 . 1 8 2 . 8 8 5 .8  (
T o ta l  p e r  cen t
1 8 :2  + 18 :3 8 6 . 0 8 7 . 5 8 8 . 2 8 7 .5
T o ta l  p e r  cen t w
u n s a tu ra te d 8 7 . 7 8 5 . 6 8 4 . 8 8 9 .8
< f a t t y - a c id .4
i 6 r .
Table 46. Changes in the p ercen tage  fa tty -ac id  com position  of sulpholipid
of P h a seo lu s  v u lg a r is  le a v e s  on chilling  at 5°C, 100 per cent re la t ive
hum idity and growth at 12°C, 100 per  cent re la t ive  humidity.
F a t t y - a c id C o n tro l  
{L e a v e s  3 
day s  o ld )
C h il le d  48  
h o u rs  a t 5 ° C ,  
100 p e r  cent 
r e la t iv e  
h u m id ity
C h il le d  96  
h o u rs  a t 5 ^ C , 
100 p e r  cen t  
r e la t iv e  
h u m id ity
g ro w n  I ' l  
f o r  96 h o u rs  
a t  1 2 ° C ,
100 p e r  cent! 
r e la t iv e  " :j 
h u m id ity  '
14 :0  ' 4 . 9 4 . 4 5 . 2 "14 . 8
1 6 : 0 2 1 .7 , 2 3 .8 2 1 .4 2 3 .1  '{
1 6 : 1 2 . 3 4 . 1 3. 8 3 .8  I ' l
1 6 : 2 3 . 2 2 .8 3 . 1 3 . 1 '"j1
18:6 4 . 8 3 . 0 3 . 5 3 .7  .
18:1 2 . 2 2 . 0 2. 1 2. 2
18 :2 3 .0 3 . 0 2 . 8 1 .5  :i
18:3 5 7 .9 5 6 .9 58 . 1 5 7 .8
T o ta l  p e r  c e n t  
1 8 :2  + 18:3 6 0 .9 5 9 .9 6 0 .9 5 9 .3  t
T o t a l  p e r  cen t 
u n s a tu ra te d  
f a t t y - a c id
6 8 . 4 6 8 .8 6 9 .9
■
6 8 .4  ; i
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Table 47. Changes in the p ercen tage  fa tty -ac id  com position  of phosphatidyl
choline of P h a seo lu s  v u lg a r is  le a v e s  on chilling at 5°C, 100 per cent
re la t iv e  hum idity and growth at 12^C, 100 per cent re la t ive  hum idity
F a t t y - a c id C o n tro l  
(L e a v e s  3 
d a ys  o ld )
C h il le d  48  
h o u rs  a t 5 ° C ,  
100 p e r  cen t  
r e la t iv e  
h u m id ity
C h il le d  96 
h o u rs  a t 5 ° C ,  
100 p e r  c e n t  
r e la t iv e  
h u m id ity
g ro w n  
fo r  96 h o u rs  
a t 1 2 ° C ,  
100 p e r  c e n t 
r e la t iv e  
h u m id ity
14:0 1. 2 1 .6 2 .9 2 . 4
1 6 : 0 1 6 .4 15. 3 17 . 1 17. 1
l 6 ; l 0 . 6 0 . 7 1 .9 1. 0
1 6 : 2 0 .6 0 . 6 1. 1 0 .6  ^
18:0 5. 5 4 .9 5 . 6 3. 8
18:1 5 .4 2. 3 2. 7 1, 5
18 :2 3 4 .3 2 5 .6 21 . 8 18. 6
18:3 3 6 . 0 4 8 . 9 4 6 .9 55 . 0
T o ta l  p e r  cen t 
1 8 :2  + 18 :3 7 0 . 3 7 4 .5 6 8 . 7 7 3 . 6
T o ta l  p e r  ce n t 
u n s a tu ra te d  
f a t t y - a c id
7 6 . 9 7 8 . 1 7 4 .4 7 6 .7
 ..................;..........     .     -        ..s.. *................................................." a .4 1
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T a b le  4 8 . C hanges  in  the  p e rc e n ta g e  f a t t y - a c id  c o m p o s it io n  o f p h o s p h a tid y l 
e th a n o la m in e  o f P h a s e o lu s  v u lg a r is  le a v e s  on c h i l l in g  a t 5 ° C , 100 p e r  cen t
r e la t iv e  h u m id ity  and g ro w th  a t 12 C ,  100 p e r  cen t r e la t iv e  h u m id ity
F a t t y - a c id C o n tro l  
(L e a v e s  3 
d a ys  o ld )
C h il le d  48  
h o u rs  a t 5 ° C ,  
100 p e r  cen t 
r e la t iv e  
h u m id ity
C h il le d  96 
h o u rs  a t 5 ° C ,  
100 p e r  cen t  
r e la t iv e  
h u m id ity
g ro w n  ;  ! 
f o r  96 h o u rs  j 
a t  1 2 ° C , 1 
100 p e r  c e n t ’ 
r e la t iv e  
h u m id ity
14:0 3. 8 4 . 1 5 . 4 5 .1  1^
1 6 : 0 27 . 2 2 7 . 2 3 2 . 2 2 7 .7  ' /;
1 6 : 1 2. 0 1. 7 2 .9 1 .8
1 6 : 2 1. 2 0 .7 1 .4 1 .4  \ |
18:0 3 .7 3 .8 4 . 2 3 .8
18:1 2. 6 1. 6 2. 3 1 .5  '''I;ÿ
18 :2 28 . 0 28 . 0 22 . 0 2 1 .7  1
18:3 31 . 5 3 2 .9 2 9 .6 3 6 .9  j
T o ta l  p e r  cen t ;;i'
1 8 :2  + 18 :3 5 9 .5 6 0 .9 51 . 6 5 8 .6  ;
T o ta l  p e r  cen t
u n s a tu ra te d 6 5 . 3 6 5 . 9 58 . 2 6 3 . 3
f a t t y - a c id  . >1
ts
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Table 49. Changes in the p ercen tage  fa tty -ac id  com position  of phosphatidyl
in os ito l  of P h a seo lu s  vu lg a r is  le a v e s  on chilling at 5°C, 100 per cent
re la t iv e  hum idity  and growth at 12°C, 100 per cent re la t ive  hum idity
/  ■  ^
w-
F a t t y - a c id C o n tro l  
(L e a v e s  3 
d a y s  o ld )
C h il le d  48  
h o u rs  a t 5 ° C ,  
100 p e r  cen t 
r e la t iv e  
h u m id ity
C h il le d  96  
h o u rs  a t 5 ° C ,  
100 p e r  cen t  
r e la t iv e  
h u m id ity
g ro w n  
f o r  96 h o u rs  1 
a t l 2 ° C ,   ^ I 
100 p e r  c e n t
1r e la t iv e
h u m id ity
14:0 4 . 3 4 . 3 7 .7 5 .7  -,
■Î%' 1 6 : 0 31 . 3 2 9 .9 2 4 .9 3 3 .1
E 1 6 : 1 1 .7 1 .8 3 . 3 4 . 4  -rj
■r 1 6 :2 2 . 4 2. 0 2. 7 2 . 4  '
i: 18 :0 5 .4 5, 3 5 . 7 5 . 4  r-,j
r' ’
18:1 2 . 5 4 : 2 2. 6 2 .6
18:2 15. 7 15. 2 1 1 .9 9 . 3
18:3 3 6 . 7 3 7 . 3 4 1 . 2 43 7 . 1
T o ta l  p e r  ce n t  
1 8 :2  + 18 :3 5 2 .4 52 . 5 5 3 . 1
1
4 6 . 4  .
.
T o ta l  p e r  cen t 
u n s a tu ra te d  
f a t t y - a c id
5 9 . 0 6 0 . 5 6 1 . 7 5 5 .8  3
J
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Table 50. Changes in the p ercen tage  fa tty -ac id  com position  of phosphatidic
acid of P h aseo lu s  v u lgar is  le a v e s  on chilling  at 5°C, 100 per  cent re la t iv e
hum idity and growth at 12^C, 100 per  cent re la t ive  hum idity
F a t t y - a c id C o n tro l  
(L e a v e s  3 
d a ys  o ld )
C h il le d  48  
h o u rs  a t 5 ° C ,  
100 p e r  cen t 
r e la t iv e  
h u m id ity  .
C h il le d  v6  
h o u rs  a t  5 ° C ,  
100 p e r  c e n t  
r e la t iv e  
h u m id ity
g ro w n  
fo r  9 6  h o u rs  
a t 1 2 ° C ,  
100 p e r  cen t 
r e la t iv e
h u m id ity
•
14:0 10. 1 11. 2 12 . 6 13. 2
16:0 13. 0 1 2 .8 17. 6 14. 6
1 6 : 1 2 . 5 2 . 4 1 .8 2. 2
1 6 : 2 2 .7 2 .6 1 .3 1 .6
18 :0 4 . 8 5. 3 3. 7 7 . 4
18:1 6 . 4 4 . 8 1 .8 4 . 2
18 :2 2 9 .0 2 9 .7 21 . 6 26 . 5
18:3 31 . 5 3 1 . 2 3 9 .4 30 . 3
T o ta l  p e r  cen t 
1 8 :2  + 18 :3 6 0 . 5 6 0 .9 6 1 . 0 56 . 8
T o ta .l p e r  cen t 
u n s a tu ra te d  
f a t t y - a c id
7 2 . 1 7 0 .7 6 6 . 0 6 4 .8
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Table 51. Changes in the p ercen tage  fa tty -ac id  com position  of phosphatidyl
g ly cero l  of P h a seo lu s  v u lg a r is  le a v e s  on chilling  at 5°C , 100 per  cent
re la t iv e  hum idity and growth at 12°C , 100 per cent re la t iv e  hum idity
V .
;v . ■
h .
F a t t y - a c id C o n tro l  
(L e a v e s  3 
d ays  o ld )
C h il le d  48  
h o u rs  a t 5 ° C ,  
100  p e r  cen t 
r e la t iv e  
h u m id ity
C h il le d  96  
h o u rs  a t 5 ^ C , 
100 p e r  c e n t  
r e la t iv e  
h u m id ity
g ro w n  
fo r  9 6  h o u rs  
a t 1 2 ° C , :: 
100 p e r  c e n t  
r e la t iv e  
h u m id ity
I ,
14:0 3 .7 5 . 1 5 .9 9 . 1
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T a b le  5 2 . C hanges  in  th e  w e ig h ts  o f l ip id s  in  le a v e s  o f P h a s e o lu s  v u lg a r is  
d u r in g  c h i l l in g  a t 5 ° C , 100 p e r  c e n t r e la t iv e  h u m id ity  and g ro w th  a t 
1 2 ^ C , 100 p e r  c e n t r e la t iv e  h u m id ity . V a lu e s  e x p re s s e d  as m g  o f 
l ip id  p e r  g ly o p h il iz e d  le a f .
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D IS C U S S IO N
1. A  C O M P A R IS O N  O F  T H E  F A T T Y - A C I D  C O M P O S IT IO N S  O F  T H E  
P O L A R  L IP ID S  O F  C H IL E - S E N S IT IV E  A N D  C H IL L - R E S IS T A N T  
L E A V E S  G R O W N  A T  2 5 ° C
P r e v io u s  s tu d ie s  b y  L y o n s  e t a l . ,  (1 9 6 4 ) h a v e  a n a ly s e d  th e  to ta l  
f a t t y - a c id  c o m p o s it io n  o f m ito c h o n d r ia  is o la te d  f r o m  c h i l l - s e n s i t iv e  
and  c h i l l - r e s is t a n t  f r u i t s  y e t  no in v e s t ig a t io n s  h a v e  b e e n  re p o r te d  
c o n c e rn in g  the f a t t y - a c id  c o m p o s it io n  o f in d iv id u a l m e m b ra n e  l ip id  
c o m p o n e n ts  o f le a v e s .  T h e  p r e s e n t  in v e s t ig a t io n  has  show n th a t th e  
d e g re e  o f u n s a tu ra t io n  o f th e  g ly c o lip id s  c o u ld  n o t be r e la te d  to  th e  
c h i l l - s e n s i t iv i t y  o f th e  s p e c ie s  and th is  is  in  a g re e m e n t  w ith  the  
re s u lts  o f th e  a n a ly s e s  o f th e  t o ta l  le a f  f a t t y - a c id  c o m p o s it io n s  o f 
p la n ts  g ro w n  a t 2 5 ^ C  (C h a p te r  3 ). In  a d d it io n , th e  re la t io n s h ip  
b e tw e e n  th e  to ta l  d e g re e  o f u n s a tu ra t io n  o f th e  le a f  p h o s p h o lip id s  
and c h i l l - s e n s i t iv i t y  w a s  p o o r .  In  le a v e s , i t  w a s  th e  to ta l  p e rc e n ta g e  
o f l in o le ic  and  l in o le n ic  a c id  a s s o c ia te d  w ith  th e  p h o s p h o lip id s  w h ic h  
show ed th e  b e s t  r e la t io n s h ip  to  c h i l l - s e n s i t iv i t y .  P h o s p h o lip id s  f r o m  
c h i l l - r e s is t a n t  H o rd e u m  v u lg a r e  h a d , in  g e n e ra l,  a h ig h e r  to ta l  
p e rc e n ta g e  o f l in o le ic  an d  l in o le n ic  a c id  th a n  c h i l l - s e n s i t iv e  s p e c ie s ,  
and th e  e x t r e m e ly  c h i l l - s e n s i t iv e  s p e c ie s  E p is c ia  re p ta n s  h a d , in  
g e n e ra l,  a  lo w e r  to ta l  p e rc e n ta g e  o f th e s e  f a t ty -a c id s  th a n  th e  le s s  
c h i l l - s e n s i t iv e  G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  v u lg a r is . T h e re fo re ^ ?  
th e  to ta l  p e rc e n ta g e  o f l in o le ic  and  l in o le n ic  a c id  o f a l l  th e  le a f  k
p h o s p h o lip id s  c o m b in e d  sh ow ed  th e  m o s t p r e c is e  re la t io n s h ip  to  the  
c h i l l - s e n s i t iv i t y  o f th e  s p e c ie s . L y o n s  and A s m u n d s o n  (1 9 6 5 ) h a v e  
su g g e s te d  th a t  th e  r e la t io n s h ip  b e tw e e n  the  d e g re e  o f u n s a tu ra t io n  o f 
th e  f a t ty -a c id s  and  c h i l l - s e n s i t iv i t y  is  n o t p r e c is e  due to  th e  ta x o n o m ic  E
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d if fe r e n c e s  b e tw e e n  s p e c ie s .
In  c o n tra s t  to  le a v e s ,  th e  c h i l l - s e n s i t iv i t y  to  m ito c h o n d r ia  is o la te d  
f r o m  f r u i t s  is  b e s t r e la te d  to  th e  to ta l  p e rc e n ta g e  o f u n s a tu ra te d  f a t t y -  
a c id  and not th e  t o ta l  p e rc e n ta g e  o f  l in o le ic  and  l in o le n ic  a c id , s in c e  
the p e rc e n ta g e  o f o le ic  a c id  w as  h ig h  in  c a u l i f lo w e r  buds and tu rn ip  
ro o ts . H o w e v e r ,  a n a ly s e s  o f th e  f a t t y - a c id  c o m p o s it io n s  o f in d iv id u a l  
p h o s p h o lip id s  f r o m  f r u i t  m ito c h o n d r ia  m ig h t  be e x p e c te d  to  r e v e a l  a  
r e la t io n s h ip  s im i la r  to  th a t show n ab o ve  fo r  le a f  p h o s p h o lip id s . T h e  
r e s u lts  o f L y o n s  e t a l .  , (1 9 6 4 ) a p p e a r  fo r tu ito u s  w h en  i t  is  r e m e m b e r e d  
th a t  o n ly  54  p e r  c e n t o f th e  t o ta l  l ip id s  o f p la n t  m ito c h o n d r ia  a r e  
p h o s p h o lip id s  (S c h w e r tn e r  and  B ia le ,  1 9 7 3 ). B e c a u s e  g ly c o lip id s  a re  
p r e s e n t  in  m e m b r a n e s , a n a ly s e s  o f the  to ta l  f a t t y - a c id  c o m p o s it io n  o f  
m o s t m e m b ra n e s  m ig h t  be e x p e c te d  to  r e v e a l  no re la t io n s h ip  b e tw e e n  
th e  d e g re e  o f u n s a tu ra t io n  and  c h i l l - s e n s i t iv i t y  as  in d ic a te d  b y  th e  
a n a ly s e s  o f to ta l  le a f  f a t t y - a c id  (C h a p te r  3 ).
2 . C H A N G E S  IN  T H E  F A T T Y - A C I D  C O M P O S IT IO N S  O F  T H E  P O L A R  
L IP ID S  O F  C H IL L - S E N S IT IV E  S P E C IE S  D U R IN G  H A R D E N IN G  A T  
1 2 ° C ,  95 P E R  C E N T  R H
T e m p e r a tu r e  a c c l im a t iz a t io n  a ffo rd s  a u n iq u e  o p p o r tu n ity  to  
e lu c id a te  th e  b io c h e m ic a l  m e c h a n is m s  w h ic h  e n a b le  p la n ts  to  s u rv iv e  
t e m p e r a tu r e  s t r e s s .  A n  a n a ly s is  o f th e  to ta l  le a f  and  c h lo ro p la s t  
f a t ty -a c id s  on h a rd e n in g  4  c h i l l - s e n s i t iv e  s p e c ie s  show ed  o n ly  a s m a ll  
in c re a s e  (a p p r o x im a te ly  3 p e r  c e n t) in  the  p e rc e n ta g e  o f l in o le ic  a c id  
(C h a p te r  3 ). A lth o u g h  th is  in v e s t ig a t io n  u se d  a to ta l  le a f  f a t t y - a c id  
e x t r a c t ,  i t  w a s  e s t im a te d  th a t 60 p e r  c en t o f th e  to ta l  le a f  f a t ty -a c id s  
w e r e  a s s o c ia te d  w ith  the  p o la r  l ip id s ,  w h ic h  a r e  th o u g h t to  o c c u r
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a lm o s t  e x c lu s iv e ly  w ith in  m e m b ra n e s  (K a te s , 1 9 7 0 ). H o w e v e r ,  th e  
s ig n if ic a n t  r e la t io n s h ip  b e tw e e n  th e  to ta l  p e rc e n ta g e  o f l in o le ic  and  :#
l in o le n ic  a c id  a s s o c ia te d  w ith  th e  p h o s p h o lip id s  and  th e  c h i l l - s e n s i t iv i t y  
o f p la n ts  g ro w n  a t 2 5 ° C  (P .  1 1 2 ) le d  to  the  h y p o th e s is  th a t  th e  s m a ll  
in c re a s e  in  l in o le ic  a c id  d e te c te d  in  th e  to ta l  l e a f  f a t t y - a c id  a n a ly s e s  
on h a rd e n in g  w a s  a t t r ib u ta b le  to  la r g e r  in c re a s e s  in  u n s a tu ra t io n  o f 
s p e c if ic  p h o s p h o lip id s . In c re a s e s  in  un s a tu ra t io n  o f th e  p h o s p h o lip id s  
on h a rd e n in g  m a y  o n ly  ju s t  be d e te c ta b le  in  to ta l  le a f  fa t t y - a c id  
a n a ly s e s  as th e  p h o s p h o lip id s  c o m p r is e  o n ly  22 p e r  c en t o f th e  to ta l  
le a f  l ip id s  and 10 p e r  c e n t o f th e  c h lo ro p la s t  l ip id s  (T a b le  3 ).
T h e  r e s u lts  o f th e  p r e s e n t  c h a p te r  show  th a t h a rd e n in g  c h i l l -  
s e n s it iv e  G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  v u lg a r is  p ro d u c e d  
la r g e  in c re a s e s  in  u n s a tu ra t io n  o f a l l  th e  p h o s p h o lip id s  a n a ly s e d .
T h e  r e f o r e ^ c h i l l - r e  s i s ta n c e  a p p e a rs  to  be r e la te d  to  a r e q u ir e m e n t  
fo r  a s p e c if ic  d e g re e  o f un  s a tu ra t io n  o f th e  m e m b ra n e  p h o s p h o lip id s  
and  n o t to th e  o v e r a l l  f a t t y - a c id  c o m p o s it io n  o f th e  l ip id  m a t r ix .
T h e  in c re a s e s  in  u n s a tu ra t io n  o f  th e  p h o s p h o lip id s  o f H o rd e u m  
v u lg a re  a t  1 2 ° C  w e r e  s m a l l  in  c o m p a r is o n  to  the  in c re a s e s  in  the  
d e g re e  o f u n s a tu ra t io n  o f th e  p h o s p h o lip id s  o f c h i l l - s e n s i t iv e  s p e c ie s  
a t  1 2 ^ C . T h is  in d ic a te s  th a t  th e  in c re a s e s  in  u n s a tu ra t io n  d u r in g  
th e  h a rd e n in g  o f c h i l l - s e n s i t iv e  s p e c ie s ,a r e  no t due to  an  in d ir e c t  
e ffe c t  o f t e m p e r a tu r e  on f a t t y - a c id  m e ta b o lis m  u n a s s o c ia te d  w ith  
th e  d e v e lo p m e n t o f c h i l l in g - r e s is t a n c e .  In c re a s e s  in  u n s a tu ra t io n  
o f th e  p h o s p h o lip id s  o f G o s s y p iu m  h ir s u tu m  a nd P h a s e o lu s  v u lg a f is  
w e re  a ls o  show n to  be d i r e c t ly  r e la te d  to h a rd e n in g  as no in c r e a s e
'  ^ . 171.
I fin  u n s a tu ra t io n  o f  the p h o s p h o lip id s  o f E p is c ia  re p ta n s  o c c u r re d  fi
od u r in g  g ro w th  o f th is  s p e c ie s  o v e r  4 d ays  a t 15 C , th e  lo w e s t  
t e m p e r a tu r e  a t  w h ic h  th is  s p e c ie s  w i l l  g ro w  w ith o u t d a m a g e . ^
In  a d d it io n , no in c r e a s e  in  th e  d e g re e  o f u n s a tu ra t io n  o f th e
p h o s p h o lip id s  o c c u r re d  d u r in g  th e  in e f fe c t iv e  h a rd e n in g  o f
P h a s e o lu s  v u lg a r is  on t r a n s f e r  f r o m  25 to  1 2 ^ , 100 p e r  c e n t R H . ||
kI f  te m p e r a tu r e  had  an  in d ir e c t  e f fe c t  on d e s a tu ra s e  a c t iv i t y  
in  c h i l l - s e n s i t iv e  s p e c ie s , w e  w o u ld  e x p e c t in c re a s e s  in  the  
d e g re e  o f u n s a tu ra t io n  o f b o th  l in o le ic  and l in o le n ic  a c id s , s in c e  i t
co u ld  be p r e d ic te d  th a t  the  e n z y m e  w h ic h  c o n v e r ts  o le ic  a c id  to  J;'
l in o le ic  a c id  w o u ld  be in t im a t e ly  in v o lv e d  in  th e  c o n v e rs io n  o f
'
l in o le ic  a c id  to  l in o le n ic  a c id  (K le in s c h m id t  and M c M a h o n , 1 9 7 0 ). I |
F u r t h e r m o r e ,  L y o n s  and A s m u n d s o n  (1 9 6 5 ) h a v e  show n f r o m  s tu d ie s  
on th e  s o l id if ic a t io n  p o in ts  o f m ix tu r e s  o f p u re  f a t t y - a c id s ,  th a t  th e  
m o s t ra p id  m a n n e r  b y  w h ic h  a p la n t  cou ld  lo w e r  th e  t r a n s it io n  
t e m p e r a tu r e  w o u ld  be to  in c r e a s e  the  p e rc e n ta g e  o f l in o le ic  a c id  p
(s in c e  l in o le ic  a c id  h as  th e  s a m e  e ffe c t  as l in o le n ic  a c id  in  lo w e r in g
th e  te m p e r a tu r e  o f  th e  p h a s e  c h a n g e ). T h is  th e o r e t ic a l  p re d ic t io n  #
is  n o w  seen  in  th is  p r e s e n t  in v e s t ig a t io n  to  be c o r r e c t .  T h e r e fo r e  
in c re a s e s  in  u n s a tu ra t io n  o f th e  p h o s p h o lip id s  o f G o s s y p iu m  h ir s u tu m  r.^ ;
and  P h a s e o lu s  v u lg a r is  on h a rd e n in g  a r e  not due to  an  in d ir e c t  e f fe c t  |i,:
$o f te m p e r a tu r e  on f a t t y - a c id  m e ta b o lis m . T h e  re s u lts  su g g est th e r e
.
is  a c o n tro l m e c h a n is m  in  th e  c e l l  w h ic h  in c re a s e s  th e  d e g re e  o f
I
u n s a tu ra t io n  o f the  p h o s p h o lip id s  o f G o s s y p iu m  h ir s u tu m  and  P h a s e o lu s  vj 
v u lg a r is  on h a r d e r in g ,  th e re b y  lo w e r in g  th e  te m p e r a tu r e  o f th e  p h a se  
ch an g e in  the l ip id  la y e r  o f  th e  c e l lu la r  m e m b ra n e s . I:
1 7 2 .
H a rd e n in g  w as  found  to  r e q u ir e  2 to  4  d a ys  a t a  te m p e r a tu r e  |
-  i
s l ig h t ly  ab o ve  th e  c h i l l in g  ra n g e  and i t  is  th o u g h t th a t th is  t i m e -  fj
p e r io d  m a y  r e f le c t  th e  tu r n o v e r  o r  s y n th e s is  r a te  o f th e  l in o le ic  . j
a c id  m o ie ty  o f th e  p h o s p h o lip id s . T u r n o v e r  r a te s  o f l ip id s  o f "
p o ta to  and c a u li f lo w e r  c e lls  h a v e  b e e n  show n to  v a r y  b e tw e e n  ' - \ j
1
3 d a ys  to  3 m o n th s  ( M a z l ia k ,  1 9 7 3 ). In  E p is c ia  re p ta n s  the  r a te  j
’ 1o f tu r n o v e r  o f th e  m e m b ra n e  l ip id s  and s y n th e s is  o f l in o le ic  a c id  ^
m a y  be s lo w e r  th a n  in  s p e c ie s  w h ic h  h a rd e n  q u ic k ly , th e re b y
<{l im i t in g  th e  speed  a t w h ic h  h a rd e n in g  o c c u rs . A l t e r n a t iv e ly ,  a j
m o r e  p la u s ib le  e x p la n a t io n  fo r  th e  in a b i l i t y  o f E p is c ia  re p ta n s  to  [
h a rd e n  q u ic k ly  is  th a t  th e  a c t iv i t y  o r  q u a n tity  o f d e s a tu ra s e s  is  n o t  
in c re a s e d  o r  in d u c e d  a t th e  h a rd e n in g  te m p e r a tu r e ,  so th a t  no in c r e a s e  "  ^
in  th e  d e g re e  o f  u n s a tu ra t io n  o f th e  p h o s p h o lip id s  o c c u rs  o v e r  th e  4 - d a y  ' 
h a rd e n in g  p e r io d .  T h e  in a b i l i t y  o f E p is c ia  re p ta n s  to  h a rd e n  o v e r  4  d ay s  
a t 15 C is  d is c u s s e d  in  d e ta i l  on p ag e  193.
T h e  f a t t y - a c id  c o m p o s it io n  o f th e  p h o s p h o lip id s  v a r ie s  b e tw e e n  
d if f e r e n t  s p e c ie s  (T a b le s  23 to  27 ) and p e rh a p s  w ith in  th e  s a m e  
s p e c ie s  d e p e n d in g  on th e  m e m b ra n e  s y s te m  f r o m  w h ic h  th e y  a r e  
is o la te d . B e c a u s e  w e a n a ly s e d  to ta l  le a f  p h o s p h o lip id  i t  is  no t ]
kn o w n  i f  th e  d e g re e  o f u n s a tu ra t io n  o f th e  p h o s p h o lip id s  in c re a s e d  
in  a l l  m e m b ra n e s  d u r in g  h a rd e n in g . N e v e r th e le s s ,  th e  fo llo w in g  
re s u lts  su g g e s t th a t  in c r e a s e s  in  u n s a tu ra t io n  o f th e  p h o s p h o lip id s  
o c c u r  in  th e  m a jo r i t y  o f th e  c e l lu la r  m e m b ra n e s  on h a rd e n in g . i
P h a s e  ch an g es  h a v e  b e e n  d e te c te d  a t a p p r o x im a te ly  th e  s a m e  
te m p e r a tu r e  o f 1 0 -1 2  C (R a is o n , 1973) in  m e m b ra n e  p ie p a r a t io n s  * I
. - i
5 , . : .  /   ^ , , . „
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w h ic h  d i f fe r e d  w id e ly  in  to ta l  fa t t y - a c id  c o m p o s it io n  ( i ,  e . c h lo ro p la s ts  . g 
and m ito c h o n d r ia )  in d ic a t in g  th a t in c re a s e s  in  u n s a tu ra t io n  o f th e  
p h o s p h o lip id s  m u s t o c c u r  in  b o th  th e s e  m e m b ra n e  s y s te m s  on  
h a rd e n in g  i f  th e  p h a s e  change is  to  be p re v e n te d . T h is  th e o ry  is  
s u p p o rte d  b y  th e  s m a ll  in c r e a s e  in  th e  p e rc e n ta g e  o f l in o le ic  a c id  
in  th e  t o ta l  f a t t y - a c id  a n a ly s e s  o f th e  c h lo ro p la s ts  o f c h i l l - s e n s i t iv e  
s p e c ie s  on h a rd e n in g  (T a b le  16 ), w h ic h  is  p ro b a b ly  a t t r ib u ta b le  to  
a n  in c r e a s e  in  l in o le ic  a c id  a s s o c ia te d  w ith  th e  p h o s p h o lip id s .
In c re a s e s  in  u n s a tu ra t io n  o f th e  p h o s p h o lip id s  o f th e  p la s m a lle m a  
a r e  im p lie d  b y  th e  re d u c t io n  in  w a te r  lo s s  f r o m  h a rd e n e d  le a v e s  
on c h i l l in g  ( F ig .  1 ) .  F in a l ly ,  i f  in c re a s e s  in  u n s a tu ra t io n  o c c u r re d  
in  o n ly  a s m a ll  f r a c t io n  o f th e  to ta l  c e l lu la r  m e m b ra n e s , th e y  w o u ld  
no t be d e te c ta b le  b y  th e  a n a ly s is  o f to ta l  le a f  p h o s p h o lip id , u n le s s  the  
in c re a s e  w a s  v e r y  la r g e .  T h e r e f o r e / i t  is  c o n c lu d ed  th a t in c re a s e s  in  
u n s a tu ra t io n  o c c u r  in  th e  m a jo r i t y  o f th e  m e m b ra n e  s y s te m s  o f th e  
c e l l  on h a rd e n in g  thus lo w e r in g  th e  t r a n s it io n  te m p e r a tu r e  o f th e  
m e m b ra n e  l ip id s .  P h a s e  changes  a r e  n o t s o le ly  c o n fin e d  to  
m ito c h o n d r ia l  m e m b ra n e s  as is  im p lie d  f r o m  s tu d ie s  o f m ito c h o n d r ia  
is o la te d  f r o m  c h i l l - s e n s i t iv e  f r u i t s .
3 . C H A N G E S  IN  T H E  F A T T Y - A C ID  C O M P O S IT IO N S  A N D  W E IG H T S  O F  
T H E  P O L A R  L IP ID S  O F  C H IL L - R E S IS T A N T  H O R D E U M  V U L G A R E  
D U R IN G  H A R D E N IN G  A T  5 A N D  1 2 °C  A G A IN S T  F R E E  Z IN G - IN J U R Y  
A T  - 4 ^ 0
A -fu n d a m e n ta l m e ta b o lic  d if fe r e n c e  b e tw e e n  c h i l l - s e n s i t iv e  and  
c h i l l - r e s is t a n t  s p e c ie s  is  th a t  c h i l l - r e s is t a n t  p la n ts  a r e  a b le  to  
re s p o n d  to  a d e c re a s e  in  te m p e r a tu r e  to  5 ^ C  b y  in c r e a s in g  th e  
d e g re e  o f  u n s a tu ra t io n  and w e ig h t o f m o s t p h o s p h o lip id s . In  c o n tra s t ,  
th is  te m p e r a tu r e  is  too  lo w  fo r  th e  h a rd e n in g  o f m a n y  c h i l l - s e n s i t iv e
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s p e c ie s  and th e  d e g re e  o f u n s a tu ra t io n  and w e ig h t o f p h o s p h o lip id s  
d e c re a s e s , r e f le c t in g  c h i l l - in ju r y .
H a rd e n in g  H o rd e u m  v u lg a re  fo r  4 d ays  a t 12 ° C  w as  le s s  e f fe c t iv e  
in  p re v e n t in g  f r e e z in g - in ju r y  th a n  1 d a y  a t 5*^C. T h is  r e s u lt  
c o r r e la te s  w e l l  w ith  ch an g es  in  th e  f a t t y - a c id  c o m p o s it io n  d u r in g  
h a rd e n in g  a t th e  tw o  t e m p e r a tu r e s .  A t  12^C  no in c r e a s e  in  the  
p e rc e n ta g e  o f l in o le ic  a c id  a s s o c ia te d  w ith  the  p h o s p h o lip id s  w a s  
d e te c ta b le , the  m a in  change b e in g  a s m a l l  in c re a s e  in  to ta l  p e r  
cen t u n s a tu ra te d  f a t t y - a c id  in  P C , P E  and P A  a f t e r  4  d a y s . In c re a s e s  
in  th e  p e rc e n ta g e  o f l in o le ic  a c id  and to ta l  p e r  c e n t u n s a tu ra te d  
f a t t y - a c id  w e r e ,  h o w e v e r , d e te c ta b le  in  P C , P E  and P I  a f te r  o n ly  
1 d a y  a t 5 ° C .  T h e  le s s  e f fe c t iv e  h a rd e n in g  a t 1 2 ° C  is  in  a g re e m e n t  
w ith  th e  r e s u lts  o f H a r v e y  (1 9 2 2 ) w ho found  th a t h a rd e n in g  a g a in s t  
f r e e z in g - in ju r y  d id  no t g e n e r a l ly  o c c u r  ab o ve  5 to  10 C . In c re a s e s  
in  u n s a tu ra t io n  o f th e  f a t t y - a c id s ,s im i la r  to  th o s e  w h ic h  o c c u r r e d  in  
H o rd e u m  v u lg a r e  a t 12 and 5 ° C ,  h a ve  a ls o  b e e n  d e te c te d  on h a rd e n in g  
a lfa l fa  ro o ts  to  s u b -z e r o  te m p e r a tu r e s  (G e r lo f f  e t a l .  , 1966; G r e n ie r  
et a l .  , 1 9 7 3 ).
T h e r e  w a s  no d e te c ta b le  in c re a s e  in  w e ig h t o f p h o s p h o lip id  d u r in g  
h a rd e n in g  fo r  1 d a y  a t 5 ° C ,  a lth o u g h  th e  w e ig h ts  o f P C , P E  and P G  
in c re a s e d  o v e r  4  d ay s  a t 1 2 ^ C . S im i la r ly ,  R o d n io v  e t a l .  , (1 9 7 3 )  
d e te c te d  s m a ll  in c r e a s e s  in  th e  w e ig h ts  o f P C  and P G  on h a rd e n in g  
p o ta to  le a v e s  a g a in s t  f r o s t - i n ju r y .  In c re a s e s  in  th e  w e ig h ts  o f  
p h o s p h o lip id  on h a rd e n in g  p la n ts  to  s u b -z e r o  te m p e r a tu r e s  m a y  be 
in d ic a t iv e  o f in c re a s e s  in  u n s a tu ra tio n > a n d  f lu id i t y  o f th e  m e m b ra n e s
'.t : TTT-—r r -
o r  fo ld in g  o f th e  p la s m a l le m a  and r e p l ic a t io n  o f m e m b ra n e  o rg a n e lle s  
(S im in o v itc h  e t a l .  , 1 9 6 8 ). D e c re a s e s  in  th e  w e ig h ts  o f the  g ly c o lip id s  
M G D G  and D G D G  in  H o rd e u m  v u lg a re  a t 5 ° C  s u g g es t th a t  th e s e  l ip id s  
m a y  be c a ta b o lis e d  e i t h e r  as a s o u rc e  o f  e n e rg y  o r  f a t t y -a c id s  fo r  
the  in c re a s e s  in  u n s a tu ra t io n  and  w e ig h t o f th e  p h o s p h o lip id s  on  
h a rd e n in g , a lth o u g h  no ch ange w a s  d e te c ta b le  in  th e  w e ig h ts  o f  
th e  g ly c o lip id s  a t 1 2 ° C .  R o d n io v  e t a l .  , (1 9 7 3 ) a ls o  d e te c te d  a 
d e c re a s e  in  the  w e ig h ts  o f g ly c o lip id s  on h a rd e n in g  p o ta to  le a v e s -  
a g a in s t f r o s t - i n j u r y .  T h e  m a n n e r  in  w h ic h  th e s e  changes in  
p h o s p h o lip id  c o m p o s it io n  m a y  p r o te c t  H o rd e u m  v u lg a re  a g a in s t  
f r o s t - in ju r y  a r e  d is c u s s e d  on P .  194 .
4 . C H A N G E S  IN  T H E  F A T T Y - A C I D  C O M P O S IT IO N S  O F  T H E  P O L A R  
L IP ID S  O F  C H IL L - S E N S IT IV E  S P E C IE S  O N  C H IL L IN G  A T  5 ° C ,
85 P E R  C E N T  R H
C h il l in g  G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  v u lg a r is  re s u lte d  in  
s m a l l  d e c re a s e s  in  th e  p e rc e n ta g e  o f l in o le ic  a c id  (1 8 :2 ) a s s o c ia te d  
w ith  a l l  the p h o s p h o lip id s , e x c e p t fo r  P G . N o d e c re a s e  in  th e  
p e rc e n ta g e  o f l in o le n ic  a c id  (1 8 :3 ) o f a n y  p h o s p h o lip id  w as  d e te c te d  
on c h i l l in g  c h i l l - s e n s i t iv e  p la n ts  as w o u ld  be e x p e c te d  f r o m  th e  
d e c re a s e  in  the  p e rc e n ta g e  o f  l in o le n ic  a c id  o f the, to ta l  le a f  f a t t y - a c id  
on c h i l l in g  (C h a p te r  3 ). In  th is  c h a p te r  i t  w a s  m e n tio n e d  (P. 91 ) th a t  
th e  d e c re a s e  in  the  p e rc e n ta g e  o f l in o le n ic  a c id  in  the to ta l  le a f  f a t t y -  
a c id  a n a ly s e s  m ig h t  r a is e  th e  te m p e r a tu r e  a t w h ic h  th e  p h a s e  change  
w o u ld  r e v e r s e  w h en  th e  p la n t  w a s  re tu r n e d  to  th e  w a r m th  and th a t  th is  f.
e le v a te d  te m p e r a tu r e  m ig h t  be too  h ig h  fo r  th e  g ro w th  o f th e  p la n t  so 
th a t  th e  p h a s e  change w o u ld  n o t be r e v e r s ib le .  T h e  d e c re a s e  in
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l in o le ic  a c id  o f th e  p h o s p h o lip id s  on c h il l in g  m a y  a ls o  r a is e  th e
.
. te m p e r a tu r e  a t w h ic h  th e  p h a s e  change w i l l  r e v e r s e ,  a lth o u g h  th e  
chang es d e te c te d  w e r e  v e r y  s m a l l .  B e c a u s e  th e  d e g re e  o f u n s a tu ra t io n  
o f th e  p h o s p h o lip id s  h as  b e e n  show n to  be d i r e c t ly  r e la te d  to  th e  c h i l l -  
s e n s it iv i ty  o f the  s p e c ie s  and no d e c re a s e  in  l in o le n ic  a c id  o f the  
p h o s p h o lip id s  o c c u r r e d  on c h i l l in g ,  i t  is  c o n s id e re d  th a t th e  d e c re a s e s  
in  l in o le n ic  a c id  o f th e  t o ta l  l e a f  f a t t y - a c id  a n a ly s e s  on c h i l l in g
(C h a p te r  3) m a y  riot b e  im p o r ta n t  in  d e te r m in in g  th e  te m p e r a tu r e  a t
• .
w h ic h  th e  p h a s e  change r e v e r s e s  on r e tu r n  to  th e  w a r m th .  T h e  r a p id  
d e c re a s e s  in  l in o le n ic  a c id  o f th e  to ta l  le a f  f a t t y - a c id  a n a ly s e s  m a y ,  
h o w e v e r , be due to  a u to x id a t io n  w h ic h  m a y  r e s u lt  in  m e m b ra n e  d a m a g e .
I t  w o u ld  be e x p e c te d  th a t  th o s e  l ip id s  w ith  a h ig h  p e rc e n ta g e  o f 
l in o le n ic  a c id  such as  M G D G  w o u ld  be m o re  s u s c e p tib le  to  a u to x id a t io n
o f th is  a c id  th a n  th o se  l ip id s  w ith  a  lo w e r  p e rc e n ta g e  o f th is  f a t t y - a c id ,'
T h e  d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  a s s o c ia te d  w ith  M G D G ,  
D G D G  and S L  o f G o s s y p iu m  h ir s u tu m  on c h i l l in g  s u g g ests  th a t  th e  
l in o le n ic  a c id  a s s o c ia te d  w ith  th e s e  l ip id s  m a y  be m o r e  s u s c e p tib le  to
a u to x id a t io n  th a n  th a t a s s o c ia te d  w ith  th e  p h o s p h o lip id s  (T a b le  39 ).
H a rd e n in g  G o s s y p iu m  h ir s u tu m  b e fo re  c h il l in g  re d u c e d  th is  d e c re a s e  ?
in  l in o le n ic  a c id  a s s o c ia te d  w ith  th e  g ly c o lip id s  (T a b le  3 9 ) .  T h e re fo re ^
th e  s lo w e r  d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  in  th e  to ta l
le a f  fa t t y - a c id  a n a ly s e s  o f  th e  h a rd e n e d  p la n ts  o f C u c u m is  s a tiv u s
and  S a in tp a u lia  g r a n d if lo r a  on c h i l l in g ,  r e p o r te d  in  C h a p te r  3 , m a y
1
be d u e , in  p a r t ,  to  a d e c re a s e d  r a te  o f a u to x id a tio n  o f l in o le n ic  a c id  
a s s o c ia te d  w ith  th e  g ly c o lip id s . T h e r e  w a s  no d e c re a s e  in  the  
p e rc e n ta g e  o f l in o le n ic  a c id  a s s o c ia te d  w ith  th e  g ly c o lip id s  o f  
P h a s e o lu s  v u lg a r is  on c h i l l in g  (T a b le  4 0 )  and th is  c o r r e la te s  w e l l  
w ith  th e  v e r y  s m a ll  d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic  'ac id  in  
th e  to ta l  le a f  f a t t y - a c id  a n a ly s e s  on c h il l in g  ( F ig .  5 ).
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A  d e c re a s e  in  the  p e rc e n ta g e  o f l in o le n ic  a c id  in  the to ta l  le a f  
f a t t y - a c id  a n a ly s e s  on c h i l l in g  co u ld  a ls o  be ca u s e d  b y  a d e c re a s e  
in  th e  w e ig h t o f p a r t ic u la r  l ip id s ,  e s p e c ia l ly  th o s e  p r e d o m in a n t ly  
e s t e r i f ie d  w ith  l in o le n ic  a c id . T a b le  4 2  show ed th a t  th e  d e c re a s e  
in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  in  th e  to ta l  f a t t y - a c id  c o m p o s it io n  
o f th e  p o la r  l ip id s  o f  G o s s y p iu m  h irs u tu m  on c h i l l in g  w as  due to  a 
m o re  p ro n o u n c e d  d e c re a s e  in  th e  w e ig h ts  o f M G D G  and  P C  th a n  in  
o th e r  l ip id s ,  as w e l l  as a d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic  
a c id  a s s o c ia te d  w ith  th e  g ly c o lip id s  (T a b le  3 9 ) .  In  P h a s e o lu s  v u lg a r is  
th e  d e c re a s e  in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  w as  s m a ll  in  bo th  
th e  to ta l  le a f  f a t t y - a c id  and to ta l  p o la r  l ip id  a n a ly s e s . T h e r e f o r e  %^
ch an g es  in  u n s a tu ra t io n  o f th e  to ta l  le a f  f a t t y - a c id  m a y  be d u e , in
I
p a r t ,  to  changes in  t o ta l  p o la r  f a t t y - a c id  c o m p o s it io n  on c h i l l in g .  
S u m m a r iz in g  b r ie f ly ,  th e  s lo w e r  d e c re a s e  in  th e  p e rc e n ta g e  o f  
l in o le n ic  a c id  in  the  le a v e s  o f h a rd e n e d  C u c u m is  s a tiv u s  and  
S a in tp a u lia  g r a n d if lo r a  on c h i l l in g  (F ig .  9 , C h a p te r  3) is  
c o n s id e re d  to  be due to  a re d u c t io n  in  th e  w e ig h t lo s s  o f s p e c if ic  
l ip id s  (e . g. M G D G  and  P C ) and  p e rh a p s  a re d u c t io n  in  a u to x id a tio n  
o f l in o le n ic  a c id  a s s o c ia te d  w ith  th e  g ly c o lip id s .
5 . C H A N G E S  IN  T H E  W E IG H T S  O F  T H E  P O L A R  L IP ID S  O F  C H I L L -  
S E N S IT IV E  S P E C IE S  O N  C H IL L IN G  A T  5 ° C ,  85 P E R  C E N T  R H
C h il l in g  th e  le a v e s  o f n o n -h a rd e n e d  c h i l l - s e n s i t iv e  s p e c ie s  
r e s u lte d  in  ra p id  d e c re a s e s  in  th e  w e ig h ts  o f p h o s p h o - and  
g ly c o lip id s , e x c e p t fo r  P A  w h ic h  in c re a s e d . T h e s e  changes  a r e  
v e r y  s im i la r  to  the  r a p id  d e c re a s e s  in  th e  w e ig h ts  o f l ip id s  in  
p o ta to  le a v e s  due to  f r o s t - i n ju r y  (R o d n io v  e t a l .  , 1 9 7 3 ). In  c o n tra s t  
to  le a v e s , th e  d e c lin e  in  p h o s p h o lip id  o f c h i l l - s e n s i t iv e  f r u i t s  on  
c h il l in g  o c c u rs  s lo w ly , th e  d e c lin e  in  p h o s p h o lip id  co n te n t o f 
sw e e t p o ta to  m ito c h o n d r ia  o n ly  b e g in n in g  a f t e r  4 d a ys  a t th e
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c h il l in g  te m p e r a tu r e  (Y a m a k i and  U r i t a n i ,  1 9 7 2 ). S m a ll  d e c re a s e s  
in  th e  w e ig h t o f p h o s p h o lip id  and  u n s a tu ra t io n  o c c u r r e d  on c h i l l in g  
h a rd e n e d  le a v e s  o f G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  v u lg a r is  
r e f le c t in g  th a t  h a rd e n in g  w a s  not c o m p le te ly  e f fe c t iv e  in  p re v e n t in g  
the lo s s  o f m e m b ra n e  p h o s p h o lip id .
T h e  in c re a s e  in  P A  on c h i l l in g  G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  
v u lg a r is  in d ic a te s  th a t  th e  d e c lin e  in  p h o s p h o lip id  w as  due to  in c re a s e d  
p h o s p h o lip a s e  a c t iv i t y  as a r e s u l t  o f the  p h a s e  ch a n g e . In  r e la t io n  to  
both  c h i l l in g  and f r e e z in g - in ju r y  i t  is  th o u g h t th a t  h y d r o ly s is  o f l ip id s  
m a y  be due to  th e  a c t io n  o f p h o s p h o lip a s e  D  o r  g a la c to lip a s e  e n z y m e s . 
P h o s p h o lip a s e  D  w as  found  to  o c c u r  in  a w id e  v a r ie t y  o f le a v e s  b y  
Q u a r le s  and D a w s o n  (1 9 6 9 ) and  g a la c to lip a s e  has  b e e n  d e te c te d  in  
le a v e s  b y  S a s try  and  K a te s  (1 9 6 4 ) .
W r ig h t  (1 9 7 1 ) s u g g e s te d  th a t  th e  d e c re a s e  in  w e ig h t o f p h o s p h o lip id  
in  th e  le a v e s  o f C u c u m is  s a tiv u s  on c h i l l in g  w as  d e p e n d e n t on w a te r  
lo s s  s in c e  th e  w e ig h t  o f p h o s p h o lip id  r e m a in e d  u n ch a n g ed  w h e n  p la n ts  
w e r e  c h il le d  a t 100 p e r  c e n t R H  b y  e n c lo s u re  in  p o ly th e n e  b a g s . W h en  
th e  le a v e s  w e r e  c h il le d  a t  85 p e r  cen t R H  t h e i r  f r e s h  w e ig h t d e c re a s e d  
b y  38 to  55 p e r  c e n t and  th e  w e ig h t  o f p h o s p h o lip id  d e c re a s e d  r a p id ly .
H e .s u g g e s te d  th a t  d e h y d ra t io n  o f th e  c e lls  m a y  e v e n tu a lly  le a d  to  th e  
e n t r y  o f a i r  in to  the  c e l l ,  d e ra n g in g  c e l l  c o m p a r tm e n ta t io n  and e x p o s in g  
l ip id s  w h ic h  a r e  o th e rw is e  p ro te c te d  f r o m  the a c t io n  o f e n z y m e s  such  
as p h o s p h o lip a s e  D  and g a la c to lip a s e . H o w e v e r ,  on P . 35 i t  w a s  sh ow n  
th a t  p la n ts  o f E p is c ia  re p ta n s  c h il le d  a t 100 p e r  c e n t R H  w e re  s e v e r e ly  
c h i l l - in ju r e d ,  a lth o u g h  th e  r a t e  o f d e v e lo p m e n t o f in ju r y  w as  s lo w e r .
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T h e r e f o r e  w a te r  lo s s  on c h i l l in g  is  no t e s s e n t ia l fo r  a d e c re a s e  in  th e  
w e ig h t o f p h o s p h o lip id  to  o c c u r  in  a l l  s p e c ie s . C h an g e s  in  the  
p e r m e a b i l i t y  p r o p e r t ie s  o f th e  m e m b ra n e s  o f E p is c ia  re p ta n s  t o 
s u b s tra te s  and e n z y m e s  as a r e s u l t  o f  the  p h a s e  change in  the  
l ip id  la y e r  m a y  r e n d e r  th e m  m o re  s u s c e p tib le  to  a t ta c k  by p h o s p h o ­
l ip a s e  and g a la c to lip a s e  e n z y m e s  and c au se  im b a la n c e s  in  m e ta b o lis m  
r e s u lt in g  in  in ju r y .  In  c o n tra s t ,  le a v e s  o f P h a s e o lu s  v u lg a r is  a r e  
a b le  to  w ith s ta n d  th e s e  p e r m e a b i l i t y  changes and im b a la n c e s  in  
m e ta b o lis m  w h en  c h il le d  a t 100 p e r  cen t R H , so th a t  no in ju r y  
o c c u rs . N e v e r th e le s s ,  a re d u c t io n  in  th e  a m o u n t o f w a te r  lo s t  
f r o m  the le a f  is  im p o r ta n t  in  p re v e n t in g  c h i l l in g - in ju r y  in  both  
E p is c ia  re p ta n s  and P h a s e o lu s  v u lg a r is , as c h i l l in g  E p is c ia  re p ta n s  
a t  5 ° C ,  100 p e r  c e n t R H , r e ta r d e d  th e  d e v e lo p m e n t o f in ju r y  (P . 3 5 ) .  
A c t iv a t io n  o f g a la c to lip a s e  and p h o s p h o lip a s e  b y  lo w  te m p e r a tu r e s  
in  E p is c ia  re p ta n s  is  a n o th e r  p o s s ib i l i t y  th a t  can n o t be e x c lu d e d .
6 . C H A N G E S  IN  T H E  F A T T Y - A C I D  C O M P O S IT IO N S  O F  T H E  P O L A R  
L IP ID S  O F  C H IL L - S E N S IT IV E  P H A S E O L U S  V U L G A R IS  O N  C H IL L IN G  
A T  5 ° C , 100 P E R  C E N T  R H  A N D  G R O W T H  A T  1 2 ° C , 100 P E R  C E N T  
R H .
T h e  d e g re e  o f un s a tu ra t io n  o f th e  p h o s p h o lip id s  o f P h a s e o lu s  
v u lg a r is  le a v e s  g ro w n  a t 5 ° C ,  100 p e r  cen t R H  and 1 2 ° C , 100 p e r  
c e n t R H  fo r  4 d ays  d id  no t in c r e a s e .  In  a g re e m e n t  w ith  th e s e  re s u lts  
th e  le a v e s  d id  n o t h a rd e n  and w e r e  as s u s c e p tib le  to  c h i l l in g - in ju r y  
a t 5 ° C , 85 p e r  cen t R H , as le a v e s  t r a n s f e r r e d  d i r e c t ly  f r o m  25 to  
5 ° C ,  85 p e r  c en t R H . T h e s e  r e s u lts  p ro v id e  a d d it io n a l e v id e n c e  to  
th a t r e p o r te d  on p a g e  171 th a t  in c re a s e s  in  u n s a tu ra t io n  o f the  p h o s p h o ­
l ip id  fa t t y - a c id s  o f G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  v u lg a r is  le a v e s  
d u r in g  th e  e f fe c t iv e  h a rd e n in g  a t 12 ° C , 95* p e r  ce n t R H , a r e  no t due to
180.
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f/ 'p ; . a n  in d ir e c t  e ffe c t  o f t e m p e r a tu r e  on l ip id  m e ta b o lis m , u n a s s o c ia te d
S '  • ■ ■ '!/•; , w ith  th e  d e v e lo p m e n t o f c h i l l - r e  s is  ta n c e .
D e s a tu ra s e  a c t iv i t y
W e m u s t n ow  c o n s id e r  w h y  no h a rd e n in g  is  a c h ie v e d  in  P h a s e o lu s  
v u lg a r is  d u r in g  4 d a ys  g ro w th  a t 5 ^ C , 100 p e r  cen t R H , and 1 2 °C ,
100  p e r  c e n t R H , U n  s a tu ra te d  f a t t y -a c id s  a r e  p ro d u c e d  in  le a v e s  b y  
a s e q u e n tia l s e r ie s  o f d e h y d ro g e n a tio n s  o f th e  s a tu ra te d  p a lm it ic  and  
s te a r ic  a c id s  ( H a r r is  and J a m e s , 1969 a ). T h e  m a jo r  c o fa c to rs  
in v o lv e d  in  de s a tu ra t io n  re a c t io n s  a r e  o xyg en , N A D  P H  o r  N A D H ,
C o A  and a c y l - c a r r i e r  p r o te in  and th e  c h lo ro p la s ts  a r e  th e  m a in  
s ite  o f f a t t y - a c id  s y n th e s is  in  th e  le a f .  H a r r is  and J a m e s  (1 9 6 9  a , b) 
h a v e  d e m o n s tra te d  th a t  in  n o n -p h o to  s y n th e tic  t is s u e s  (e . g. seed s) 
o x y g e n  a p p e a rs  to  be  th e  m a in  r a t e  l im i t in g  fa c to r  o f d e s a tu ra t io n  
o f f a t t y - a c id s .  In  v e r y  a c t iv e  p h o to  s y n th e tic  t is s u e s  such as le a v e s  
o x yg en  co u ld  n o t be d e m o n s tra te d  to  be r a te  l im i t in g  fo r  f a t t y - a c id  
d e s a tu ra t io n s  in  th e  l ig h t  b e c a u s e  o f e x c e s s  o xyg en  p ro d u c e d  w ith in  
th e  c e l l  b y  p h o to s y n th e s is ; o n ly  in  th e  d a rk  cou ld  an  e f fe c t  o f in c re a s e d  
s u p p ly  o f o x y g e n  on th e  fo r m a t io n  o f u n s a tu ra te d  f a t ty -a c id s  in  
p h o to  s y n th e tic  t is s u e  be d e m o n s tra te d . D u r in g  th e  e f fe c t iv e  h a rd e n in g  
o f c h i l l - s e n s i t iv e  p la n ts  a t 1 2 ° C , 95 p e r  ce n t R H , in  th e  l ig h t ,  i t  is  
p re d ic te d  th a t  the  c o fa c to rs  o x yg en  and N A D P H  w i l l  be a v a ila b le  fo r  
d e s a tu ra s e  a c t iv i t y  due to  p h o to s y n th e tic  p ro d u c tio n . H o w e v e r ,  
w h en  p la n ts  a r e  e n c lo s e d  in  p o ly th e n e  bags a t 12 and 5 ° C  th e  
c o n c e n tra t io n  o f c a rb o n  d io x id e  in s id e  th e  bag  w i l l  be r a p id ly  
d im in is h e d  b y  p h o to s y n th e tic  f ix a t io n .  T h is  d e c re a s e  in  c a rb o n  d io x id e  
c o n c e n tra t io n  w i l l  r e s u l t  in  th e  c e s s a tio n  o f p h o to s y n th e s is  and h e n c e  
th e  p h o to s y n th e tic  p ro d u c t io n  o f o xyg en  and N A D P H , e s s e n t ia l  fo r  
d e s a tu ra s e  a c t iv i t y .  In  s u p p o rt o f th is  th e o ry  H a r r i s ,  J a m e s .a n d
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H a r r i s  (1 9 6 7 ) fo u n d  th a t th e  fo r m a t io n  o f u n s a tu ra te d  f a t t y - a c id  in  
le a f  t is s u e  w a s  s u p p re s s e d  b y  a n a e ro b io s is  in  th e  l ig h t .  T h e  
r e s p ir a t io n  o f th e  p la n ts  e n c lo s e d  in  th e  p o ly th e n e  b a^s  m a y , h o w e v e r ,  
r e le a s e  so m e c a rb o n  d io x id e  f o r  p h o to s y n th e s is , bu t th e  am o u n t  
r e le a s e d  is  p ro b a b ly  s m a l l  a t lo w  te m p e r a tu r e s  and m a y  be r a p id ly  
a b s o rb e d  b y  the  co n d en sed  m o is tu r e  on th e  in s id e  o f the  p o ly th e n e  
b a g . T h e r e f o r e ,  i t  is  c o n s id e re d  th a t h a rd e n in g  d id  no t o c c u r  o v e r  
a 4 -d a y  p e r io d  a t 1 2 ° C , 100 p e r  cen t R H , and 5 ° C ,  100 p e r  ce n t R H , . 
b y  e n c lo s u re  in  p o ly th e n e  b a g s , due to  the  r a p id  u t i l iz a t io n  o f  
c a rb o n  d io x id e  in s id e  th e  b a g . T h is  is  th o u g h t to  h a v e  re s u lte d  
in  th e  c e s s a tio n  o f p h o to s y n th e s is  and a d e c re a s e  in  the  s u p p ly  o f  
o xyg en  and N A D P H , w h ic h  a r e  e s s e n t ia l  c o fa c to rs  f o r  d e s a tu ra s e  
a c t iv i t y  and an  in c r e a s e  in  u n s a tu ra t io n  o f th e  p h o s p h o lip id s  d u r in g  
h a rd e n in g .
H a rd e n in g  in  the  d a r k
A t  th is  p o in t  i t  is  a p p r o p r ia te  to c o n s id e r  w h y  le a v e s  o f P h a s e o lu s  
v u lg a r is  h e ld  fo r  2 d a ys  a t 1 2 ° C , 95 p e r  c en t R H , in  th e  d a r k  d id  not 
h a rd e n  a g a in s t c h i l l in g - in ju r y  a t '5 ^ C , 85 p e r  c e n t R H  (P . 32 ). H a r r i s  
and  J a m e s  (1 9 6 9  a ) h a v e  show n th a t  th e  a b s e n c e  o f l ig h t  d im in is h e s  th e  
-b io s y n th e s is  o f a l l  the  f a t t y - a c id s  and show s so m e  in h ib it io n  o f 
u n s a tu ra te d  f a t t y - a c id  s y n th e s is  in  C h lo r e l la  v u lg a r is . T h e r e f o r e ,  i t  
is  su g g e s ted  th a t  g ro w in g  le a v e s  o f G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  
v u lg a r is  a t 12*^C, 95 p e r  c en t R H , in  th e  d a r k  f o r  2 days  is  no t e f fe c t iv e  
a g a in s t su b s eq u e n t c h i l l in g  a t 5 ° C ,  85 p e r  c e n t R H , due to  the
c e s s a tio n  o f p h o to s y n th e s is  and a d e c re a s e  in  th e  a v a i la b i l i t y  o f o xyg e n  
and  N A D P H  fo r  d e s a tu ra s e  a c t iv i t y .  T h u s  th e  a b s e n c e  o f l ig h t  a t 1 2 ° C ,  
95  p e r  c en t R H , l im i t s  d e s a tu ra s e  a c t iv i ty  to  a lo w  le v e l  and p re v e n ts
I
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an  in c r e a s e  in  un s a tu ra t io n  o f the  p h o s p h o lip id s  w h ic h  is  e s s e n t ia l  
fo r  h a rd e n in g  to be e f fe c t iv e .
7 . C H A N G E S  IN  T H E  F A T T Y - A C ID '  C O M P O S IT IO N S  A N D  W E IG H T S  O F  
T H E  P O L A R  L IP ID S  D U R IN G  T H E  G R O W T H  O F  C H IL E - S E N S IT IV E  
A N D  C H IL L - R E S IS T A N T  P L A N T S  O V E R  4  D A Y S  A T  2 5 ° C
A n  in c r e a s e  in  ph-^ b io lo g ic a l age o v e r  a 4 -d a y  p e r io d  a t 2 5 ^ C  
r e s u lte d  in  d e c re a s e s  in  th e  w e ig h t o f p h o s p h o lip id  and th e  p e rc e n ta g e  
o f l in o le ic  a c id  a s s o c ia te d  w ith  th e  p h o s p h o lip id s  o f c h i l l - s e n s i t iv e  
' and c h i l l - r e s is t a n t  p la n ts .  M a tu r a t io n  o f le a v e s  o v e r  lo n g  p e r io d s  
(up to  200  d a y s ) has  b e e n  show n  to  in v o lv e  a d e c re a s e  in  th e  
p e rc e n ta g e  o f l in o le n ic  a c id  a s s o c ia te d  w ith  th e  p h o s p h o lip id s  f r o m  
30  to  10 p e r  c e n t and  an  in c r e a s e  in  th e  p e rc e n ta g e  o f l in o le ic  a c id  
o f a p p r o x im a te ly  4  p e r  c e n t (K lo p fe n s te in  and S h ig le y , 1 9 6 7 ). B e c a u s e  
■ changes in  th e  f a t t y - a c id  c o m p o s it io n  o f th e  p h o s p h o lip id s  o v e r  4  d ays  
a t 2 5 ° C  o c c u r  a t a m u c h  fa s t e r  r a te  and a r e  e s s e n t ia l ly  o p p o s ite  to  
th o se  d e te c te d  b y  o th e r  w o r k e r s  d u r in g  m a tu r a t io n  o v e r  lo n g  p e r io d s ,  
i t  m a y  be c o n s id e re d  th a t  th e  d e c re a s e  in  l in o le ic  a c id  o v e r  4  d ay s  a t 
2 5 ° C  is  r e la te d  to  a d a p ta t io n  to  g ro w th  a t c o n s ta n t h ig h  te m p e r a tu r e  
b y  p ro d u c in g  a  m o r e  s a tu ra te d  f a t t y - a c id  c o m p o s it io n . H o w e v e r ,  th e  
d e g re e  o f u n s a tu ra t io n  o f th e  p h o s p h o lip id s  o f P h a s e o lu s  v u lg a r is  
d u r in g  4  d ays  g ro w th  a t 5 ^ C , 100 p e r  c e n t R H  and  1 2 ^ C , 100 p e r  cen t  
R H , d e c re a s e d  in  a  s im i la r  m a n n e r  to  the  ^ 'o n tro ls  h e ld  a t 2 5 ^ C . 
T h e r e f o r e ,  th e  d e r  i  e a s e  in  un  s a tu ra t io n  o f th e  p h o s p h o lip id s  o v e r  th e  
4 - d a y  p e r io d  is  p ro b a b ly  r e la te d  s o le ly  to  an  in c r e a s e  in  p h y s io lo g ic a l  
age o f the le a f  and n o t to  th e  a d a p ta tio n  o f th e  p la n ts  to  g ro w th  a t  
c o n s ta n t h ig h  te m p e r a t u r e .
•i ' • r - i - J
T h e  d e c re a s e  in  u n s a tu r a t io n 'o f  the  p h o s p h o lip id s  o f c h i l l - s e n s i t iv e  
s p e c ie s  w ith  in c r e a s e  in  p h y s io lo g ic a l age a t 2 5 ° C  is  p ro b a b ly  th e  
cau se  o f the le s s  e f fe c t iv e  h a rd e n in g  o f o ld e r  le a v e s  (P . 3 8 ) .  T h e s e  
changes in  u n s a tu ra t io n  and a b i l i t y  to  h a rd e n  w ith  in c r e a s e  in  age  
h a v e  im p o r ta n t  im p lic a t io n s  fo r  th e  s u r v iv a l  o f yo u n g  p la n ts . I t  
a p p e a rs  th a t  le a v e s  o f yo u n g  p la n ts  a r e  b e t te r  eq u ip p e d  to  w ith s ta n d  
lo w  te m p e r a tu r e  s tre s s  a t a c r i t i c a l  s tage  in  t h e i r  e s ta b lis h m e n t  
w h en  m a n y  fa c to r s  c a n  d e te r m in e  th e  s u c ces s  o r  f a i lu r e  o f a s p e c ie s  
in  its  e n v iro n m e n t .
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T h e  c h i l l - s e n s i t iv i t y  o f le a v e s  g ro w n  a t 2 5 ° C  w a s  b e s t r e la te d  to
the  to ta l  p e rc e n ta g e  o f l in o le ic  and l in o le n ic  a c id  a s s o c ia te d  w ith  e a c h  
p h o s p h o lip id  and no t th e  to ta l  d e g re e  o f n n s a tu ra t io n  o f e a c h  p h o s p h o lip id . 
T h e r e fo r e  a c o m p a r is o n  o f th e  to ta l  p e rc e n ta g e  o f l in o le ic  and l in o le n ic  f
a c id  o f a l l  th e  p h o s p h o lip id s  c o m b in e d  show ed  th e  m o s t m a rk e d  
re la t io n s h ip  to  th e  c h i l l - s e n s i t iv i t y  o f th e  s p e c ie s . T h e  d e g re e  o f  
u n s a tu ra t io n  o f th e  g ly c o lip id s  c o u ld  n o t be r e la te d  to  th e  c h i l l - s e n s i t iv i t y  
o f th e  s p e c ie s  and th is  is  in  a g re e m e n t  w ith  th e  r e s u lts  of* the  a n a ly s e s  
o f th e  to ta l  le a f  f a t t y - a c id  o f p la n ts  g ro w n  a t  25 ^ C  (C h a p te r  3 ).
A n  e x a m in a t io n  w a s  a ls o  m a d e  o f the  e f fe c ts  o f lo w  te m p e r a tu r e  
a c c l im a t iz a t io n  on th e  f a t t y - a c id  c o m p o s it io n  o f th e  p o la r  l ip id s  o f tw o  
c h i l l - s e n s i t iv e  s p e c ie s , G o s s y p iu m  h ir s u tu m  and  P h a s e o lu s  v u lg a r is ,  
w h ic h  h a rd e n  a t 1 2 ^ C , 95 p e r  c e n t R H , a g a in s t c h i l l in g - in ju r y  a t 5 ° C ,
85  p e r  cen t R H . A s  c o n tr o ls ,  th e  e f fe c t  o f h a rd e n in g  te m p e r a tu r e s  on  
a c h i l l - r e s is t a n t  s p e c ie s , H o rd e u m  v u lg a r e ,  and  a c h i l l - s e n s i t iv e  s p e c ie s ,  
E p is c ia  r e p ta n s , w h ic h  d id  n o t h a rd e n , w as  in v e s t ig a te d . I t  w a s  found  
th a t th e  d e g re e  o f u n s a tu ra t io n  o f th e  f a t t y -a c id s  a s s o c ia te d  w ith  a l l  th e  
p h o s p h o lip id s  in c re a s e d  d u r in g  h a rd e n in g  o f G o s s y p iu m  h ir s u tu m  and  
P h a s e o lu s  v u lg a r is . T h e s e  in c r e a s e s  w e re  show n to  be p o s it iv e ly  
r e la te d  to the  in c re a s e d  to le r a n c e  o f th e  s p e c ie s  to  c h i l l  in  g - in ju r y  as  
s im i la r  in c re a s e s  d id  not o c c u r  d u r in g  th e  g ro w th  o f H o rd e u m  v u lg a r e  
a t 1 2 ° C  and the  in e f fe c t iv e  a t te m p ts  a t h a rd e n in g  E p is c ia  re p ta n s  a t  
1 5 °C  o v e r  4 d a y s , the lo w e s t  te m p e r a tu r e  th is  s p e c ie s  can  w ith s ta n d  
w ith o u t in ju r y .  T h e  e f fe c t iv e  h a rd e n in g  o f G o s s y p iu m  h ir s u tu m  a nd  
P h a s e o lu s  v u lg a r is  p ro d u c e d  no change in  the  f a t t y - a c id  c o m p o s it io n
^ ,y  - .  r ' : \  - ) r  . '  -  ' ' . -  ^  - - '  : : v \  :  ; ^  - ' -  - :  " " - / ÿ ,  ;  ^ ï s s ÿ n
o f th e  g ly c o lip id s  o f th e s e  p la n ts  and th is  a c c o rd e d  w ith  e a r l i e r  o b s e rv a tio n s  " 
w h ic h  show ed  no in c r e a s e  in  u n s a tu r a t io n  o f th e  to ta l  le a f  f a t t y - a c id  on  
jh a rd e n in g  (C h a p te r  3 ). T h e r e f o r e ,  in  le a v e s , i t  w a s  th e  p h o s p h o lip id  
f r a c t io n  a lo n e  and re p r .e s e n tin g  o n ly  22  p e r  c e n t o f  th e  to ta l  le a f  f a t t y -  
a c id s  th a t  h a d  its  d e g re e  o f un  s a tu ra t io n  p o s it iv e ly  r e la te d  to  th e  c h i l l in g  
to le r a n c e  o f the  s p e c ie s  in v e s t ig a te d .
C h i l l  in  g - in ju r y  in  P h a s e o lu s  v u lg a r is  le a v e s  a t 5 ° C  co u ld  be  
p re v e n te d  b y  e n c lo s in g  th e  p la n ts  in  p o ly th e n e  b a g s , thus  m a in ta in in g  
100 p e r  c e n t R H . P la n ts  h e ld  a t th is  te m p e r a tu r e  and h u m id ity  fo r  
4 d ay s  d id  n o t h a rd e n  a g a in s t  s u b se q u en t c h i l l in g  a t 5 ^ C , 85 p e r  c e n t  
R H . In  a g re e m e n t  w ith  th is  f in d in g  no in c re a s e  in  u n s a tu ra t io n  o f th e  
p h o s p h o lip id s  w a s  d e te c te d  o v e r  4  d ay s  g ro w th  a t 5 ° C ,  100 p e r  cen t R H .
In  a d d it io n , g ro w th  f o r  4  d a y s  a t 1 2 ° C , 100 p e r  c e n t R H , w as  n o t e f fe c t iv e  
a g a in s t  su b s eq u e n t c h i l l in g  a t 5 ^ 0 ,  85 p e r  cen t R H , and r e s u lte d  in  no  
in c r e a s e  in  u n s a tu ra t io n  o f th e  p h o s p h o lip id s . I t  is  su g g es ted  th a t p la n ts  
g ro w n  a t  5 and  1 2 ^ C , b y  e n c lo s u re  in  p o ly th e n e  b a g s , do no t h a rd e n  a g a in s t  % 
s u b se q u e n t c h i l l in g - in ju r y  a t 5 ^ C , 85 p e r  c e n t R H , b e c a u s e  th e  le v e l  o f 
c a rb o n  d io x id e  w ith in  th e  b a g  d e c re a s e s  r a p id ly  c a u s in g  th e  c e s s a tio n
o f p h o to s y n th e s is , w h ic h  r e s t r ic t s  d e s a tu ra s e  a c t iv i t y  b y  re d u c in g  th e
'va v a i la b i l i t y  o f th e  c o fa c to rs  o x y g e n  and N A D P H , e s s e n t ia l  fo r  d e s a tu ra s e  .};
a c t iv i t y .  S im i la r ly ,  i t  is  c o n c lu d e d  th a t h a rd e n in g  does  n o t o c c u r  in  the  
d a r k  a t 1 2 °C , 95 p e r  c e n t R H , due to  the e n d in g  o f p h o to s y n th e s is  w h ic h  
r e s t r ic t s  d e s a tu ra s e  a c t iv i t y  due to  a d e c re a s e d  a v a i la b i l i t y  o f o x y g e n  
an d  N A D P H .
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T h e  d e g re e  o f u n s a tu ra t io n  and  w e ig h t o f p h o s p h o lip id s  d e c re a s e d  
in  th e  le a v e s  o f th e  c h i l l - s e n s i t iv e  s p e c ie s  w ith  in c r e a s e  in  p h y s io lo g ic a l  
age  a t 25^ C  and th is  w a s  r e la te d  to  th e  in c re a s e d  s u s c e p t ib i l i ty  o f 
o ld e r  le a v e s  to  c h i l l in g - in ju r y  an d  the  le s s  e f fe c t iv e  h a rd e n in g  o f o ld e r  
le a v e s .
H a rd e n in g  c h i l l - r e s is t a n t  H o rd e u m  v u lg a re  fo r  1 d a y  a t 5 C ,o r  
4  d a ys  a t 1 2 ° C , re d u c e d  th e  s u s c e p t ib i l i ty  o f th e  le a v e s  to  f r o s t - i n j u r y  
a t  - 4 ° C .  O ld e r  le a v e s  o f th is  s p e c ie s  m a in ta in e d  a t 2 5 ° C  w e re  m o r e  
s u s c e p tib le  to  f r o s t - in ju r y  th a n  y o u n g e r  le a v e s . T h e s e  changes  in  
s u s c e p t ib i l i ty  to  f r o s t - in j u r y  co u ld  be r e la te d  to  a lte r a t io n s  in  bo th  
th e  w e ig h t and  d e g re e  o f u n s a tu ra t io n  o f th e  p h o s p h o lip id s .
' - : \ y  : ' - '  ' , \ . : / \  ' ' ' ÿ  '/  '< - - . .' ' " > t& 7 ^
F IN A L  D IS C U S S IO N
C h i l l in g - in ju r y  to  p la n ts  d e p en d s  n o t o n ly  on th e  c h i l l in g  c o n d itio n s  
(P .  18 ) b u t a ls o  on th e  te m p e r a tu r e  o f g ro w th  b e fo re  c h i l l in g .  E x t r e m e ly  
c h i l l - s e n s i t iv e  s p e c ie s  ( e .g .  E p is c ia  r e p ta n s , c a te g o ry  1, P .  21 ) can n o t ■ 
be r e a d i ly  h a rd e n e d  a g a in s t c h i l l in g  - i n j u r y . In  c o n tra s t ,  le s s  c h i l l -  
s e n s it iv e  s p e c ie s  (e , g. P h a s e o lu s  v u lg a r is , c a te g o ry  2, P .  22 ) can  be  
r e a d i ly  h a rd e n e d  a g a in s t c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  c e n t R H , b y
4  d ays  g ro w th  a t 1 2 ^ 0 , 95  p e r  c e n t R H , b e fo re  c h i l l in g .  C h i l l in g - in ju r y  
t h e r e fo r e  p o s es  4  m a in  q u e s t io n s :-
1. W h a t is  th e  m e c h a n is m  o f c h i l l in g - in ju r y  in  le a v e s ?
2. H o w  does th e  h a rd e n in g  p ro c e s s  p re v e n t  c h i l l in g - in ju r y ?
3. W h y  a r e  e x t r e m e ly  c h i l l - s e n s i t iv e  s p e c ie s  (e . g. E p is c ia  
re p ta n s ) in c a p a b le  o f r a p id  h a rd e n in g ?
4 . Is  th e r e  a u n ify in g  r o le  f o r  th e  in c re a s e s  in  u n s a tu ra t io n  
o f th e  p h o s p h o lip id s  d u r in g  h a rd e n in g  a g a in s t c h il l in g  
and  f r e e  z in g - in ju r y  w h ic h  a ffo rd s  p ro te c t io n  a g a in s t  
b o th  ty p e s  o f d a m a g e  ?
1. "W h at is  th e  m e c h a n is m  o f c h i l l in g - in ju r y  in  l e a v e s ?
F r o m  s tu d ie s  o f m ito c h o n d r ia  is o la te d  f r o m  th e  f r u i t s  and s to ra g e  
o rg a n s  o f p la n ts  th e r e  is  g e n e ra l a g re e m e n t th a t an  im m e d ia te  and  
d ir e c t  e f fe c t  o f a d e c re a s e  in  te m p e r a tu r e  to  a p p r o x im a te ly  lO ^ C  
in  c h i l l - s e n s i t iv e  t is s u e s  is  a p h ase  change in  th e  l ip id  la y e r  o f 
th e  c e l lu la r  m e m b ra n e s  f r o m  a l iq u id - c r y s t a l l in e  to  a s o lid  g e l.
F ig .  18 p re s e n ts  in  s c h e m a tic  fa s h io n  th e  c o n se q u en c es  o f th is  
p h a s e  change in  th e  c e l lu la r  m e m b ra n e s  o f c h i l l - s e n s i t iv e  le a v e s .
A s  th e  te m p e r a tu r e  is  lo w e r e d  the  m e m b ra n e  l ip id s  s o lid ify  a t  
th e  c r i t i c a l  te m p e r a tu r e  (u s u a lly  10 to  1 2 °C ) and th e  change in  
s ta te  m a y  cau se  c o n tra c t io n  o f the  l ip id s  r e s u lt in g  in  th e  a p p e a ra n c e  
o f % o le s * o r  *c ra c k s *  le a d in g  to  in c re a s e d  m e m b ra n e  p e r m e a b i l i t y .
In  a d d it io n , T r 'à u b le  and H a y n e s  (1 9 7 1 ) h a v e  su g g e s te d  th a t an  
increas^e in  p e r m e a b i l i t y  m a y  a ls o  a c c o m p a n y  th e  p h a s e  t r a n s it io n  
due to  ch an g es  in  m e m b ra n e  th ic k n e s s , th e  s t r u c tu r e  o f th e  
h y d ro c a rb o n  c h a in s  and th e  a r r a n g e m e n t  o f th e  p o la r  h e ad  g ro u p s  
( fo r  fu r t h e r  d e ta i ls  see  P .  5 ) ,  T h is  in c re a s e d  p e r m e a b i l i t y  
a cc o u n ts  fo r  th e  r a p id  w a te r  lo s s  (P . 27 ) and io n  le a k a g e  (W r ig h t  
and S im o n , 1 973 ) th a t o c c u rs  on c h i l l in g  le a v e s . T h e  p h a s e  t r a n s it io n  
a ls o  in c re a s e s  th e  o f m e m b ra n e  bound e n z y m e s  (L y o n s , 1972) 
le a d in g  to  a s u p p re s s e d  r e a c t io n  r a te  and m a y  e s ta b lis h  an im b a la n c e  
w ith  n o n -m e m b ra n e  bound s y s te m s  such as g ly c o ly s is .  T h e  t r a n s i t o r y  
in c re a s e  in  th e  c o n c e n tra t io n  o f e th a n o l in  the  le a v e s 'o f  c h i l l - s e n s i t iv e  
s p e c ie s  on c h il l in g  (C h a p te r  2) is  c o n s id e re d  to  be due to  th e  in c re a s e d  
E ^  o f th e  e n z y m e s  bound to  th e  m ito c h o n d r ia l  m e m b ra n e s . S u p p re s s e d  
m ito c h o n d r ia l  r e s p ir a t io n  as a r e s u lt  o f th e  p h a s e  change m a y  le a d  to  
re d u c e d  A T P  s u p p ly  (S te w a r t  and G u in n , 1 969 ) and c e s s a tio n  o f
 : _____
p r o to p la s m ic  s t r e a m in g  (L e w is ,  1 9 5 6 ). S im i la r  e v e n ts  p ro b a b ly  
o c c u r  in  th e  c h lo ro p la s t  w h e re  th e  p h a s e  t r a n s it io n  le a d s  to  
s u p p re s s e d  a c t iv i t y  ( S h n e y o u r e t a l .  , 1973) and ch an g es  in  th e  f-
le v e ls  o f m e ta b o lite s  a f t e r  b r i e f  c h i l l in g  ( T a y lo r ,  J e p s e h  and  
C h r is t e l l e r ,  1 9 7 2 ).
I t  is  s u g g es te d  th a t  m e ta b o lic  im b a la n c e s  p ro d u c e d  b y  th e
s e c o n d a ry  im p o r ta n c e  s in c e  in ju r y  co u ld  be p re v e n te d  b y  m a in ta in in g  
100 p e r  c e n t R H  a t 5 ° C .
a
in c r e a s e  in  o f m e m b ra n e  bound e n z y m e s  is  th e  m a in  p a th w a y  J
le a d in g  to  in ju r y  o f s p e c ie s  such as E p is c ia  re p ta n s  (c a te g o ry  l ) .
W a t e r  lo s s  on c h i l l in g  th e s e  s p e c ie s  m a y  be o f s e c o n d a ry  im p o r ta n c e  
s in c e  in ju r y  co u ld  n o t be p re v e n te d  b y  m a in ta in in g  100 p e r  c e n t R H  
a t  5 ^ C . In  c o n tra s t ,  th e  m a in  p a th w a y  le a d in g  to  c h i l l in g - in ju r y  in  
s p e c ie s  such as P h a s e o lu s  v u lg a r is  (c a te g o ry  2) m a y  be w a te r  lo s s .  
M e ta b o lic  im b a la n c e s  in  th e  le a v e s  o f th e s e  s p e c ie s  m a y  be o f
T h e  le n g th  o f t im e  a s p e c ie s  can  be c h il le d  w ith o u t in c u r r in g  
in ju r y  dep en d s  on th e  s p e c ie s  u s e d , th e  c h i l l in g  t e m p e r a tu r e ,  th e  44
V ! ' " lt e m p e r a tu r e  o f g ro w th  b e fo re  c h il l in g ,  age o f le a f ,  h u m id ity  o f th e  j
a i r ,  l ig h t  in te n s ity ,  n u t r i t io n  o f th e  p la n t  and g ro w th  c o n d itio n s  on  
r e t u r n  to  th e  w a r m th  (P . 1 8 ) ,  I f  no d e g e n e ra t iv e  in ju r y  o c c u rs
-p .
d u r in g  c h i l l in g ,  th e  p h a s e  change in  th e  l ip id  p o r t io n  o f th e  m e m b ra n e s  
is  c o m p le te ly  r e v e r s ib le .  T h u s  w ith  a s h o rt  c h i l l in g  p e r io d  fo llo w e d  
b y  r e t u r n  to  25 C , th e  r e s p ir a t io n  ra te  in c r e a s e s  t r a n s ie n t ly  and  
n o r m a l  m e ta b o lis m  is  q u ic k ly  r e -e s ta b l is h e d  (C h a p te r  2 ), I f  -
c h i l l in g  is  p ro lo n g e d  d e g e n e ra t iv e  changes o c c u r  and th e  r e s p ir a t io n
B F ig .  18 . A  s c h e m a tic  p a th w a y  o f th e  e ve n ts  le a d in g  to  c h i l l in g - in ju r y■ *in  le a v e s . (M e m b ra n e  m o d e l p ro p o s e d  b y  S in g e r , 1971).
(T h e  + and -  s igns in d ic a te  the io n ic  re s id u e s  o f th e  p ro te in s )
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L IQ U ID -  C R Y S T A L L IN E
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the p h o s p h o lip id s
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C h il l in g  
te m p . 5 C
P h a s e  
t r a n s it io n  
-
S O L ID  G E L
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and  r e t u r n  to  
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I: I
In c r e a s e  in  E
o f m e m b r a n e ^ o u n d
e n z y m e s
;
1Im b a la n c e  o f  
m e ta b o lis mi
In c re a s e d  m e m b ra n e  
p e r m e a b i l i t y
W a te r  lo s s  and io n  
le a k a g e
A c c u m u la t io n  o f 
m e ta b o lite s  e . g. 
E th a n o l. R e d u c tio n  
in  A T P .  C e s s a tio n  
,o f p r o to p la s m ic  
s t r e a m ing '___________
L i m i t  o f to le ra n c e  to  c h il l in g  d e p e n d in g  on s p e c ie s  
u s e d , te m p e r a tu r e  o f g ro w th  b e fo re  c h i l l in g ,  age o f  
le a f ,  h u m id ity  o f a i r ,  l ig h t  in te n s ity  and n u t r i t io n  
o f th e  p la n t . i
P R O L O N G E D  C H IL L IN G
4/
L o s s  o f c e l lu la r  c o m p a r tm e n ta t io n  due to  in c re a s e d  
m e m b ra n e  p e r m e a b i l i t y  and d e h y d ra t io n .
4'B re a k d o w n  o f the  c e l lu la r  m e m b ra n e s  due to  p h o s p h o -  
l ip a s e  and g a la c to lip a s e  a c t iv i t y  and l ip id  p e ro x id a t io n ,
4 'L o s s  o f r e v e r s ib i l i t y  o f th e  p h as e  c h an g e .
4"IN J U R Y  A N D  D E A T H  O F  T H E  L E A V E S
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r a te  d e c re a s e s  on r e t u r n  to  2 5 ^ C  r e f le c t in g  c e l l  d e a th  (C h a p te r  2 ). 
C h il l in g  e v e n tu a lly  r e s u lts  in  th e  lo s s  o f c e l lu la r  c o m p a r tm e n ta t io n  
and o rg a n is a t io n , th e  b re a k d o w n  o f the  c e l lu la r  m e m b ra n e s  due to  
p h o s p h o lip a s e  and g a la c to lip a s e  a c t iv i t y  and p e ro x id a t io n , th e  lo s s  
o f th e  r e v e r s ib i l i t y  o f th e  p h a s e  change and u l t im a t e ly  the  in ju r y  
and d e a th  o f th e  le a v e s .
T h e r e fo r e  th e  p r i m a r y  re s p o n s e  in  c h i l l in g - in ju r y  is  a te m p e r a tu r e  
in d u c e d  p h a se  t r a n s it io n  in  th e  m e m b ra n e  l ip id s  o f the  c e l lu la r  
m e m b ra n e s .
2 . H o w  does th e  h a rd e n in g  p ro c e s s  p re v e n t  c h i l l in g - in ju r y ?
T h e  a c c l im a t iz a t io n  o f a n im a ls  to  lo w  te m p e r a tu r e s  and p la n ts  to  
s u b -z e r o  te m p e r a tu r e s  is  k n o w n  to  be a s s o c ia te d  w ith  in c re a s e s  in  
the . d e g re e  o f u n s a tu ra t io n  o f th e  f a t t y -a c id s  c o n ta in e d  in  th e  c e l lu la r  
m e m b ra n e s  (T a b le  2 ) .  U n t i l  th e  p r e s e n t  s tu d y , l i t t l e  e v id e n c e  
e x is te d  fo r  a  s im i la r  r e la t io n s h ip  b e tw e e n  p la n t  m e m b ra n e s  and th e  
a b i l i t y  o f th e r m o p h i l ic  p la n ts  to  a d a p t to  c h i l l in g  te m p e r a tu r e s ,  as  
m o s t s tu d ie s  on c h i l l in g - in ju r y  h a v e  c e n te re d  on t is s u e s  w h ic h  do n o t 
r e a l ly  h a rd e n , n a m e ly  f r u i t s  and s to ra g e  o rg a n s . H a rd e n in g  c h i l l -  
s e n s it iv e  le a v e s  o f P h a s e o lu s  v u lg a r is  and G o s s y p iu m  h ir s u tu m  a t  
1 2 ° C , 95 p e r  c e n t R H , aga .inst c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  cen t  
R H , w as  show n to  be s p e c if ic a l ly  r e la te d  to  th e  d e g re e  o f un s a tu ra t io n  
o f th e  p h o s p h o lip id s , w h ic h  a r e  o n ly  m in o r  c o m p o n e n ts  o f so m e  
m e m b ra n e s  ( e .g .  c h lo ro p la s ts ,  P .  1 1 ) ,  in  t e r m s  o f to ta l  f a t t y - a c id  
c o m p o s it io n . In c re a s e s  in  u n s a tu ra t io n  o f th e  p h o s p h o lip id s  on  
h a rd e n in g  c h i l l - s e n s i t iv e  le a v e s  a t 12^C  a r e  c o n s id e re d  to  lo w e r  
the  t r a n s it io n  te m p e r a tu r e  o f th e  l ip id  la y e r  o f th e  c e l lu la r  m e m b ra n e s ,
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th u s  p re v e n t in g  a p h a s e  change f r o m  a l iq u id - c r y s t a l l in e  to  a s o lid  
g e l a t c h i l l in g  t e m p e r a tu r e s .  T h e r e fo r e ,  in  th e  h a rd e n e d  c h i l l -  
s e n s it iv e  p la n ts  th e  in c r e a s e  in  m e m b ra n e  p e r m e a b i l i t y  and in c re a s e  
in  o f m e m b ra n e  bound e n z y m e s  w h ic h  a c c o m p a n y  th e  p h a se  change  
a r e  p re v e n te d  on c h i l l in g .
In d u c tio n  o f d e s a tu ra s e  a c t iv i t y
T h e  d e s a tu ra t io n  o f fa t ty -a c id s  in  n o n -p h o to s y n th e tic  t is s u e s  (e . g. 
se e d s ) s e e m s  to  be re g u la te d  b y  th e  c o n c e n tra t io n  o f o x yg e n  in  the  
aqueo us p h a s e  ( H a r r is  and J a m e s , 1969 a , b ). A s  the  te m p e r a tu r e  
f a l ls  l ip id s  o f lo w e r  m e lt in g  p o in t  a r e  c o n s id e re d  to  be s u p p lie d  
a u to m a t ic a l ly  to  n o n -p h o to  s y n th e tic  t is s u e s  b y  th e  in c re a s e d  s o lu b i l i ty  
o f o x yg en  in  w a t e r .  N o  e la b o ra te  c o n tro ls  a r e  thus r e q u ir e d  and  th e  
s y s te m  is  s e l f  re g u la te d . In  c o n tra s t  to  n o n -p h o to  s y n th e tic  t is s u e s  
th e  c o n c e n tra t io n  o f o x yg en  in  th e  i l lu m in a te d  le a f  can n o t be show n to  
be r a te  l im i t in g  f o r  th e  s y n th e s is  o f un s a tu ra te d  f a t t y - a c id s ,  due to  
th e  p ro d u c tio n  o f e x c e s s  o x y g e n  in  th e  le a f  b y  p h o to s y n th e s is  ( H a r r is  
and  J a m e s , 1969 a ) .  T h e r e f o r e ,  th e  d e g re e  o f u n s a tu ra t io n  o f th e  
p h o s p h o lip id s  o f p la n t  le a v e s  is  p ro b a b ly  d e te rm in e d  b y  the  s e le c t iv e  
s y n th e s is  o r  a c t iv a t io n  o f d e s a tu ra s e s  a t th e  e n v ir o n m e n ta l te m p e r a tu r e .  
P la n t  f a t t y - a c id  c o m p o s it io n  is  p r e s u m a b ly  a ls o  u n d e r  g e n e tic  c o n tro l.
T h u s  th e  r e la t iv e  a m o u n ts  o f s a tu ra te d  and u n s a tu ra te d  fa .t ty -a c id  w h ic h  
a c c u m u la te  in  le a v e s  a r e  p ro b a b ly  d e te rm in e d  b y  a c o m b in a tio n  o f th e s e  
e f fe c ts . F o r  h a rd e n in g  to  o c c u r  in  G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  
v u lg a r is  i t  is  c o n s id e re d  th a t  th e  a c t iv i ty  o r  q u a n tity  o f d e s a tu ra s e s  
m a y  be in c re a s e d  o r  in d u c e d  a t th e  h a rd e n in g  te m p e r a tu r e ,  r e s u lt in g  in  
an  in c r e a s e  in  th e  d e g re e  o f u n s a tu ra t io n  o f th e  p h o s p h o lip id s . In  a d d itio n a l
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an  a d e q u a te  su p p ly  o f c o fa c to rs  such, as o xyg en  and N A D P H  m u s t be  
a v a i la b le  fo r  d e s a tu ra s e  a c t iv i t y  a t th e  h a rd e n in g  t e m p e r a tu r e .
I
W h e n  p la n ts  o f P h a s e o lu s  v u lg a r is  a re  e n c lo s e d  in  p o ly th e n e  
bag s  a t 12 and 5 ° C  i t  is  h y p o th e s iz e d  th a t th e  p la n ts  do n o t h a rd e n  
a g a in s t c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  cen t R H , b e c a u s e  th e  c a rb o n  
d io x id e  c o n c e n tra t io n  w ith in  th e  b a g  is  r a p id ly  re d u c e d  b y  pho to  s y n th e tic  
f ix a t io n .  T h is  r e s u lts  in  th e  c e s s a tio n  o f p h o to s y n th e s is  and a re d u c e d  
s u p p ly  o f th e  c o fa c to rs  o xy g en  and N A D P H  a v a i la b le  f o r  d e s a tu ra s e  a c t iv i t y  
(P . 180). S im i la r ly ,  i t  is  th o u g h t th a t  P h a s e o lu s  v u lg a r is  does not 
h a rd e n  in  th e  d a rk  due to  th e  en d in g  o f p h o to s y n th e s is , r e s u lt in g  in  
a re d u c e d  s u p p ly  o f o x y g e n  and N A D P H , th e re b y  l im i t in g  d e s a tu ra s e  
a c t iv i t y  a t a lo w  le v e l .
3. W h y  a r e  e x t r e m e ly  c h i l l - s e n s i t iv e  s p e c ie s  ( e .g .  E p is c ia  re p ta n s )  -1
in c a p a b le  o f r a p id  h a r d e n in g ? ' 4
A c c o rd in g  to  the  ab o ve  h y p o th e s is , E p is c ia  re p ta n s  does no t ’ J
• ih a rd e n  o v e r  4 d ays  a t 15 ° C  b e c a u s e  th e  a c t iv i t y  o r  q u a n tity  o f 
d e s a tu ra s e s  is  no t in c re a s e d  o r  in d u c e d  a t th e  h a rd e n in g  t e m p e r a tu r e .  
D e s a tu r a s e  a c t iv i t y  m a y , h o w e v e r , g r a d u a lly  in c r e a s e  o v e r  lo n g  
p e r io d s  o f t im e  a t s lo w ly  d e c re a s in g  te m p e r a tu r e  re s u lt in g  in  an
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in c r e a s e  in  c h i l l - , r e s is ta n c e .  O v e r  e v o lu t io n a ry  t im e  spans th e
e f fe c t  o f c o n s ta n t h ig h  te m p e r a tu r e  on s p e c ie s  such as E p is c ia  ,
r e p ta n s , w h ic h  g ro w  in  t r o p ic a l  re g io n s , m a y  h a v e  r e s u lte d  in  th e
■ 'lo s s  o f th e  a b i l i t y  to  in c r e a s e  d e s a tu ra s e  a c t iv i t y  o v e r  s h o rt  p e r io d s
1
a t the  h a rd e n in g  te m p e r a tu r e ,  s in c e  l i t t l e  g e n o ty p ic  o r  p h e n o ty p ic  *
■
f l e x ib i l i t y  in  r e la t io n  to  te m p e r a tu r e  m a y  be n e e d e d  f o r  s u r v iv a l ,  \
A lt e r n a t iv e ly ,  E p is c ia  re p ta n s  m a y  not h a rd e n  o v e r  4 days  a t 1 5 °C  
due to  an in a d e q u a te  s u p p ly  o f c o fa c to rs  fo r  d e s a tu ra s e  a c t iv i ty .  
P h o to s y n th e s is  in  E p is c ia  re p ta n s  m a y  be m e r e  s e n s it iv e  to a d e c re a s e  
in  te m p e r a tu r e  th an  in  P h a s e o lu s  v u lg a r is  and G o s s y p iu m  h ir s u t u m . 
H e n c e , in  E p is c ia  r e p ta n s , a re d u c e d  su p p ly  o f o xyg en  and N A D P H  
a t th e  h a rd e n in g  te m p e r a tu r e  m a y  r e s t r i c t  d e s a tu ra s e  a c t iv i t y  to  a 
lo w  le v e l  so th a t  th e  d e g re e  o f u n s a tu ra t io n  o f th e  p h o s p h o lip id s  does  
n o t in c re a s e  o v e r  th e  4 -d a y  h a rd e n in g  p e r io d .
4 .  Is  th e r e  a u n ify in g  r o le  fo r  th e  in c re a s e s  in  u n s a tu ra t io n  o f the
p h o s p h o lip id s  d u r in g  h a rd e n in g  a g a in s t c h il l in g  and f r e e  z in g - in ju r y  
w h ic h  a ffo rd s  p r o te c t io n  a g a in s t  b o th  ty p e s  o f in ju r y ?
In c re a s e s  in  u n s a tu ra t io n  o f th e  m e m b ra n e -p h o s p h o lip id s  on  
h a rd e n in g  c h i l l - r e  s is  ta n t s p e c ie s  a g a in s t f r e e z in g - in ju r y  m a y  p r o te c t  
th e  le a f  in  th e  s a m e  k in d  o f m a n n e r  as the  in c re a s e s  in  u n s a tu ra t io n  
o f th e  p h o s p h o lip id s  on h a rd e n in g  c h i l l - s e n s i t iv e  s p e c ie s  a g a in s t  
c h i l l in g - in ju r y  i f  th e  m e c h a n is m s  o f bo th  ty p e s  o f in ju r y  a r e  s i m i l a r .  
C h i l l in g - in ju r y  h as  b e e n  show n to  be due to  a p h a s e  change in  the  
m e m b ra n e  l ip id s  r e s u lt in g  in  an  in c r e a s e  in  m e m b ra n e  p e r m e a b i l i t y ,  
p e rh a p s  due to  th e  a p p e a ra n c e  o f ’ c r a c k s ' o r  'h o le s ' in  th e  m e m b ra n e .  
S im i la r ly ,  f r e e z in g - in ju r y  is  due to  th e  fo r m a t io n  o f h o le s  in  th e  s e m i-  
p e r m e a b le  p la s m a  m e m b ra n e , le a d in g  to  the lo s s  o f s e m i- p e r m  a b i l i t y ,  
e f f lu x  o f c e l l  s o lu tio n  and c o n s e q u e n t d e a th . T h e s e  h o le s  m a y  be  
p ro d u c e d  b y : -
1) Ic e  c ry s ta ls  p e n e tr a t in g  th e  m e m b ra n e  d u r in g  in t r a c e l lu la r  
f r e e z in g .
2) T e n s io n  on th e  p la s m a  m e m b ra n e  due to  c e l l  c o lla p s e  
d u r in g  e x t r a c e l lu la r  f r e e z in g .  T h e s e  h o le s  m a y  be I
f ix e d  i r r e v e r s ib ly  b y  in t e r  m o le c u la r  SS b o n d in g  o f th e  
m e m b ra n e  p ro te in s  (m e m b r a n e -h o le  h y p o th e s is ,
L e v i t t ,  1 9 7 2 ).
T h e r e f o r e ,  i t  is  s u g g e s te d  th a t  th e  fo r m a t io n  o f th e s e  h o le s  b y  
in t r a c e l lu la r  f r e e z in g  and  f r e e z e  d e h y d ra t io n  m a y  be h a s te n e d  b y  
p h a s e  changes  a t s u b -z e r o  t e m p e r a tu r e s ,  e s p e c ia l ly  in  the  0 to  
-  1 0 ° C  ra n g e  and in  p la n ts  g ro w n  a t h ig h  te m p e r a tu r e s  b e fo re  f r e e z in g  
w h ic h  m a y  h a v e  a lo w  d e g re e  o f u n s a tu ra t io n  o f th e  p h o s p h o lip id s . 
H a rd e n in g  m a y  re d u c e  th e  e x te n t o f f r e e z in g - in ju r y  b y  in c re a s in g  
th e  d e g re e  o f u n s a tu ra t io n  o f th e  p h o s p h o lip id s  th e r e b y  lo w e r in g  
the  t r a n s it io n  t e m p e r a t u r e .  L i t t l e  in fo r m a t io n  is  a v a ila b le  on th e  
b e h a v io u r  o f l ip id s  and th e  o c c u r re n c e  o f p h a s e  changes  a t su b ­
z e r o  te m p e r a tu r e s  b u t S te im  (1 9 7 2 ) has d e te c te d  a p h a s e  t r a n s it io n  
in  E s c h e r ic h ia  c o l i  f a t t y - a c id s  b e lo w  0°C h O b v io u s ly  a p h a s e  change  
in  th e  m e m b ra n e  l ip id s  is  no t th e  s o le  cau se  o f f r e e z in g - in ju r y  as  
so m e t is s u e s  can  w ith s ta n d  - 1 9 6 ^ 0  w ith o u t d a m a g e  (S a k a i, 1 9 6 5 ), 
a t e m p e r a tu r e  w h ic h  m u s t be  w e l l  b e lo w  th e  t r a n s it io n  te m p e r a tu r e  
o f a l l  m e m b ra n e  l ip id s .
1) In t r a c e l lu la r  f r e e z in g
F i r s t ,  le t  us c o n s id e r  h o w  an in c r e a s e  in  u n s a tu ra t io n  o f th e  f a t t y -  
a c id s  m a y  p re v e n t  d a m a g e  due to  in t r a c e l lu la r  f r e e z in g .  I t  is  kn o w n  
th a t  th e  c e l l  m e m b ra n e , due to  its  l ip id  n a tu re , k e e p s  e x t r a c e l lu la r  
ic e  f r o m  s e e d in g  th e  c e l l  in t e r io r  a t te m p e r a tu r e s  above  ab o u t -  1 0 ° C ,  
so th a t th e  c e ll  r e m a in s  u n fro z e n  and s u p e rc o o le d . O ne e x p la n a tio n  
fo r  th e  a b i l i t y  o f th e  p la s m a  m e m b ra n e  to  p re v e n t  s e e d in g  b y  e x te r n a l  
ic e  ab ove  c e r ta in  te m p e r a tu r e s  is  th a t ic e  c r y s ta ls  s m a ll  enough to
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g ro w  th ro u g h  aqueous c h a n n e ls , b e lie v e d  b y  so m e to  e x is t  in  m e m b ra n e s ,  
h a v e  m e lt in g  p o in ts  f a r  b e lo w  0 ° C  (M a z u r ,  1 9 6 9 ). F o r  e x a m p le , an  ic e  
c r y s ta l  o f 30 a n g s tro m s  in  ra d iu s  w i l l  m e lt  ab o ve  -  1 0 ° C . I f ,  h o w e v e r ,  
a p h a se  change o c c u r r e d  in  the te m p e r a tu r e  ra n g e  0 to  -  1 0 ° C , c ra c k s  
m a y  a p p e a r  in  th e  m e m b ra n e  w h ic h  w o u ld  be la r g e  enough to  p e r m i t  
th e  s e e d in g  o f ic e  in to  th e  in t e r io r  o f th e  c e l l ,  p ro d u c in g  s e v e re  in ju r y .
T h e  g ra d u a l in c r e a s e  in  m e m b ra n e  p e r m e a b i l i t y  d u r in g  h a rd e n in g  
a g a in s t f r e e z in g - in ju r y  m a y  a ls o  re d u c e  th e  l ik e l ih o o d  o f in t r a c e l lu la r  
f r e e z in g  b y  f a c i l i t a t in g  th e  lo s s  o f w a te r  w h ic h  co u ld  be f r o z e n  in  th e  
c e l l ,  thus a llo w in g  i t  to  r e m a in  u n fro z e n  and s u p e rc o o l. In c re a s e s  in  
un  s a tu ra t io n  and w e ig h t o f p h o s p h o lip id s  on h a rd e n in g  H o rd e u m  v u lg a r e  ' M  
and  o th e r  c h i l l - r e s is t a n t  s p e c ie s  to  s u b -z e r o  te m p e r a tu r e s  (T a b le  2 ) 
m a y  th e r e fo r e  be im p o r ta n t  in  th e  p re v e n t io n  o f in t r a c e l lu la r  f r e e z in g .
2) M e m b r a n e -h o le  h y p o th e s is
S e c o n d ly , a c c o rd in g  to  th e  m e m b r a n e -h o le  h y p o th e s is  ( L e v i t t ,  1972) 
h o le s  m a y  o c c u r  in  th e  p la s m a  m e m b ra n e  due to  e x t r a c e l lu la r  f r e e z in g  
p ro d u c in g  c e l l  c o n tra c t io n  b y  d e h y d ra t io n  and th e r e fo r e  a te n s io n  on 
th e  m e m b ra n e . C o v a le n t SS b o n d in g  b e tw e e n  th e  p r o te in  la y e r s  m a y  
o c c u r  as a r e s u lt  o f th e s e  h o le s , m a k in g  th e  h o le  p e rm a n e n t ,  w h ic h  
le a d s  to  th e  e f f lu x  o f c e l l  c o n te n ts  on th a w in g  and t h e i r  d e a th . A  p h a se  
chang e in  th e  m e m b ra n e  l ip id s  a t  s u b -z e r o  te m p e r a tu r e s  w o u ld  be  
e x p e c te d  to  h a s te n  in ju r y  b y  r a p id ly  in c r e a s in g  m e m b ra n e  p e r m e a b i l i t y  
and t h e r e fo r e  c e l l  c o n tra c t io n . In  a d d it io n , a p h a s e  change a t s u b -z e r o  
te m p e r a tu r e s  m a y  f a c i l i t a t e  th e  fo r m a t io n  o f h o le s  in  th e  m e m b ra n e  
due to  the s o l id if ic a t io n  o f th e  l ip id s  and a d e c re a s e  in  their^^ f l e x ib i l i t y  . 
O p e n in g s  in  the  m e m b ra n e  o f th is  ty p e  m a y  be p re v e n te d  b y  an  in c re a s e  
in  u n s a tu ra t io n  o f th e  l ip id  la y e r  d u r in g  h a rd e n in g , thus lo w e r in g  the
B,;.'. ■%'"'  ■ '  ’ • ■' • ' - ' "  ' . ' -' ' ' . ' : -' B ‘'’];97v‘'hiï■>-x'-
t e m p e r a tu r e  o f th e  p h a s e  change and p ro d u c in g  l ip id s  w ith  g r e a t e r  
f lu id i t y  and e x p a n s ib i l i ty  a t lo w  te m p e r a tu r e s  w h ic h  m a y  p e r m i t  
th e  l ip id  to  c o a le s c e  a c ro s s  th e  h o le s . L e v i t t  (3 9 7 2 ) h a s  p ro p o s e d  
th a t  in c re a s e s  in  th e  w e ig h ts  o f p h o s p h o lip id  d u r in g  h a rd e n in g  a g a in s t  
f r e e z in g - in ju r y  a r e  due to  fo ld in g  o f the p la s m a l le m a  w h ic h  w o u ld  
re d u c e  te n s io n  on th e  p r o to p la s t  thus  p re v e n t in g  c o v a le n t SS b o n d in g  
b e tw e e n  th e  p r o te in  la y e r s  o f th e  m e m b ra n e s . H o w e v e r ,  no fo ld in g  
o f th e  p la s m a l le m a  h a s  b e e n  d e te c te d  b y  e le c t r o n  m ic ro s c o p y .  
T h e r e f o r e ,  in c re a s e s  in  un s a tu ra t io n  and w e ig h t o f p h o s p h o lip id s  
on h a rd e n in g  a g a in s t f r e e z in g - in ju r y  m a y  h a v e  im p o r ta n t  ro le s  in  
re d u c in g  th e  d e g re e  o f d a m a g e  due to  th e  fo r m a t io n  o f h o le s  b y  
in t r a c e l lu la r  f r e e z in g  and th e  m e m b r a n e -h o le  h y p o th e s is .
3) T h e  e ffe c ts  o f h a rd e n in g  on m e m b ra n e  s t r u c tu r e
In  a d d it io n  to lo w e r in g  th e  t r a n s it io n  t e m p e r a tu r e  o f m e m b ra n e  
l ip id s ,  in c re a s e s  in  uns atu  r a t io n  o f the  f a t t y -a c id s  and w e ig h t o f  
p h o s p h o lip id s  on h a rd e n in g  to  c h i l l in g  and f r e e z in g  te m p e r a tu r e s  
m a y  a ls o  a f fe c t  th e  s t r u c tu r e , o f m e m b ra n e s . A n  u n d e rs ta n d in g  o f  
h o w  changes  in  l ip id  c o m p o s it io n  a f fe c t  th e  s t r u c tu r e  o f m e m b ra n e s  
is  m a d e  d i f f ic u l t  b y  th e  fa c t  th a t  a lm o s t  as m a n y  m e m b ra n e  m o d e ls  
h a v e  b e en  p ro p o s e d  as th e r e  a r e  in v e s t ig a to r s .  In d e e d , no s in g le  
m o d e l s e e m s  c a p a b le  o f a c c o u n tin g  s a t is f a c t o r i ly  f o r  th e  p r o p e r t ie s  
o f such w id e ly  d i f f e r in g  s y s te m s  a s , fo r  e x a m p le , n e rv e  c e lls  and  
m ito c h o n d r ia .  A t  p r e s e n t ,  th e rm o d y n a m ic  c o n s id e ra t io n s  b a s e d  on  
the  th e o ry  th a t  th e  s te a d y  s ta te  s t r u c tu r e  o f m e m b ra n e s  is  one o f  
lo w e s t  f r e e  e n e rg y  in d ic a te  th a t  the  l ip id  g lo b u la r  p r o te in  m o z a ic  
m o d e l is  th e  m o s t s a t is fa c to r y  o f c u r r e n t  m o d e ls  f o r  th e  g ro s s  
m o le c u la r  o rg a n is a t io n  o f c e l lu la r  m e m b ra n e s  (S in g e r , 1971 , see
F ig .  18 ) . In  s p ite  o f th e  d if fe r e n c e s  in  m o d e ls  o f m e m b ra n e  s t r u c tu r e ,
in c re a s e s  in  u n s a tu ra t io n  o f th e  p h o s p h o lip id s  on h a rd e n in g  can  be " j
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e x p e c te d  to  a l t e r  m e m b ra n e  s t r u c tu r e  b y  p ro d u c in g  a d e c re a s e  in  o r d e r e d  Jf; 
p a c k in g  o f th e  f a t t y - a c id  c h a in s  and  p e rh a p s  a lte r a t io n s  in  t h e i r  b in d in g  
to  th e  s t r u c t u r a l  p r o te in s .  W h e th e r  h a rd e n in g  in v o lv e s  changes in  
s t r u c tu r e  f r o m  one m e m b ra n e  typ e  to  a n o th e r  is  no t k n o w n . L u c y  (1 9 6 8 )  
h as  p ro p o s e d  th a t th e  a d a p t ib i l i t y  and  v e r s a t i l i t y  o f b io lo g ic a l m e m b ra n e s  
m a y  r e s u l t  f r o m  th e  u t i l i z a t io n  o f b o th  g lo b u la r  m ic e l le s  and b im o le c u la r  
l e a f le t  a r ra n g e m e n ts  o f l ip id  m o le c u le s  in  v iv o . D if fe r e n c e s  in  th e  
f le x ib i l i t y  o f m e m b ra n e s  m a y  be due to  d if fe re n c e s  in  s t r u c tu r e .  F o r  
e x a m p le , th e  f l e x ib i l i t y  o f m ito c h o n d r ia l  m e m b ra n e s  is o la te d  f r o m  
c h i l l - r e s is t a n t  f r u i t s  (L y o n s  e t a l .  , 1964 ) m a y  be a s s o c ia te d  w ith  m ic e l le s  
and r ig id i t y  o f c h i l l - s e n s i t iv e  m ito c h o n d r ia  w ith  th e  b im o le c u la r  le a f le t .
H a rd e n in g  a g a in s t  f r e e z in g - in ju r y  is  n o t, h o w e v e r , s o le ly  due to  
ch an g es  in  the  l ip id  and f a t t y - a c id  c o m p o s it io n  o f th e  m e m b ra n e s . A n y  
m e c h a n is m  o p p o s in g  in t r a c e l lu la r  f r e e z in g  o r  e x c e s s iv e  d e h y d ra t io n  and . 
t h e i r  e f fe c ts  ( fo r  a r e v ie w  see M a z u r ,  1969 ) sho u ld  le a d  to  a re d u c t io n  in  
in ju r y .  P r o te c t io n  a g a in s t f r e e z in g - in ju r y  can  a ls o  be a t t r ib u te d  to  
com pounds such as s u g a rs  and p r o te in  h a rd in e s s  fa c to r s  (H e b e r ,  1 9 6 8 ), 
w h ic h  m a y  re d u c e  th e  s u s c e p t ib i l i ty  o f p ro te in s  to  d é n a tu ra t io n  and  
a g g re g a t io n . N e v e r th e le s s ,  th e  m o d e  o f in te r a c t io n  o f s u g a rs  and ":4l
p r o te in  h a rd in e s s  fa c to rs  w ith  th e  m e m b ra n e  is  s t i l l  a m a t t e r  o f  
s p e c u la t io n . T h e  in c o r p o r a t io n  o f p r o te in  h a rd in e s s  fa c to rs  (H e b e r ,  1968) 
in to  th e  m e m b ra n e  m a y  a ls o  a l t e r  its  m o le c u la r  a r c h it e c t u r e .
T h e r e fo r e  in c r e a s e s  in  u n s a tu ra t io n  o f th e  m e m b ra n e  p h o s p h o lip id s  
on h a rd e n in g  a g a in s t c h i l l in g  and f r e e z in g - in ju r y  m a y  h av e  a c o m m o n
199.
p r o te c t iv e  r o le  in  the  p re v e n t io n  o f b o th  ty p e s  o f in ju r y  b y  lo w e r in g  
the  t r a n s it io n  te m p e r a tu r e  and p ro d u c in g  a l te r a t io n s  in  m e m b ra n e  
s t r u c tu r e .  A  s u m m a r y  d ia g r a m  o f th e  changes  in  th e  d e g re e  o f  
u n s a tu ra t io n  o f th e  p h o s p h o lip id s  on h a rd e n in g  th e  c h i l l - s e n s i t iv e  
and  c h i l l - r e s is t a n t  s p e c ie s  u se d  in  th is  s tu d y  is  show n in  F ig .  19.
In  c o n c lu s io n , th e r e  now  a p p e a rs  to  be l i t t l e  dou b t th a t  th e  s ite  
o f c h i l l in g  and p o s s ib ly  f r e e z in g - in ju r y  l ie s  in  th e  c e l lu la r  m e m b ra n e s .  
P h a s e  changes m a y  be c o n tr ib u to r y  fa c to rs  in  th e  d e v e lo p m e n t o f 
f r e e z in g - in ju r y ,  e s p e c ia l ly  in  th e  0 to  -  1 0 °C  ra n g e .
T h e  re s is ta n c e  o r  s e n s it iv i ty  o f a s p e c ie s  to  c h i l l in g  te m p e r a tu r e s  
a p p e a rs  to  r e s id e  m a in ly  in  th e  d e g re e  o f u n s a tu ra t io n  o f th e  m e m b ra n e  
p h o s p h o lip id s . T h e  a b i l i t y  o f a c h i l l - s e n s i t iv e  s p e c ie s  to  h a rd e n  a g a in s t  
c h i l l in g - in ju r y  is  c o n s id e re d  to  be due to  an in c re a s e  in  the  a c t iv i t y  o r  
q u a n tity  o f d e s a tu ra s e s  a t th e  h a rd e n in g  t e m p e r a tu r e .
:S
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F ig .  19. A  c o m p a r is o n  o f th e  changes  in  th e  w eight, and fa t t y - a c id  
c o m p o s it io n  o f th e  p h o s p h o lip id s  o f c h i l l - s e n s i t iv e  and r e s is ta n t  
p la n t le a v e s  d u r in g  h a rd e n in g  a n d  th e ir  r o le  in  th e  p re v e n t io n  o f  
a p h a s e  change a t c h i l l in g  and s u b -z e ro  te m p e r a tu r e s
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G o s s y p iu m  h irs u tu m  
P h a s e o lu s  v u lg a r is
H a rd e n in g  a g a in s t c h i l l in g -  
in ju r y
H a rd e n in g  
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L a r g e  in c re a s e  in  th e  p e rc e n ta g e  
o f l in o le ic  a c id  a s s o c ia te d  w ith  
a l l  th e  p h o s p h o lip id s
N o  in c re a s e  in  w e ig h t o f p h o s p h o ­
l ip id  a lth o u g h  w e ig h t r e m a in e d  
h ig h e r  th a n  in  th e  c o n tro ls
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S m a ll  in c r e a s e  in  the  p e rc e n ta g e  n 
o f l in o le ic  a c id  a s s o c ia te d  w ith  
th e  p h o s p h o lip id s  P C , P E  and P I  .
S m a ll  in c re a s e s  in  the w e ig h ts  
o f P C ,  P E  and P C
F r e e z i n g  
te m p . - 4  C
L IQ U ID  C R Y S T A L L IN E
M a y  re d u c e  e x te n t o f in ju r y  j
due to  in t r a c e l lu la r  f r e e z in g  
(S ee  P * 195) o r  th e  fo r m a t io n  o f 
h o le s  a c c o rd in g  to  th e  m e m b ra n e J  
h o le  h y p o th e s is  (P . 196) :
' '  '  '  201 .
' i
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C h i l l in g - in ju r y  h a s  b e e n  in v e s t ig a te d  fo r  m a n y  y e a r s  in  th e  f r u i t s  o f  
t r o p ic a l  and s u b - t r o p ic a l  s p e c ie s  b e c a u s e  lo w e re d  s to ra g e  te m p e r a tu r e s  
a r e  g e n e r a l ly  an  e f fe c t iv e  m e a n s  o f e x te n d in g  the  m a r k e t  l i f e  o f f r u i t s  
and  v e g e ta b le s . H o w e v e r ,  th e  m o s t s t r ik in g  v is u a l  e ffe c ts  and p e rh a p s  
th e  m o s t im p o r ta n t  e c o lo g ic a l e f fe c ts ,  in  te r m s  o f ra n g e  o f s u r v iv a l  o f 
th e  s p e c ie s , m a y  be c o n s id e re d  to  o c c u r  w h en  th e  le a f  is  e x p o se d  to  
c h il l in g  te m p e r a tu r e s .  T h e r e fo r e  the  e c o lo g ic a l a p p ro a c h  to  c h i l l in g -  
in ju r y  is  s tre s s e d  in  th is  in v e s t ig a t io n  w h ic h  u se d  a to ta l  o f 21 d i f fe r e n t  
s p e c ie s , 10 c h i l l - s e n s i t iv e  and 11 c h i l l - r e s is t a n t  s p e c ie s .
T h e  e x t ra p o la t io n  o f th e  r e s u lts  o b ta in e d  w ith  f r u i t s  and v e g e ta b le s  |
- i
to  a c c o u n t fo r  the  b e h a v io u r  o f le a v e s  in  r e la t io n  to  c h i l l in g - in ju r y  can  . ]
Ibe m is le a d in g  bo th  p h y s io lo g ic a l ly  and  e c o lo g ic a lly  s in c e  m a n y  m e ta b o lic
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d if fe r e n c e s  e x is t  b e tw e e n  g ro w in g  le a v e s  and m a tu re  f r u i t s .  F o r  e x a m p le , i
. . . ” . -B'in  c o n tra s t  to  f r u i t s ,  th e  le a v e s  o f c h i l l - s e n s i t iv e  s p e c ie s  can  be h a rd e n e d  #  
to  w ith s ta n d  c h i l l in g .  P h y s io lo g ic a l  s tu d ie s  o f m ito c h o n d r ia  is o la te d  |
f r o m  f r u i t s  h a v e  le d  to  g e n e ra l a g re e m e n t  th a t c h i l l - r e s is t a n c e  is  i
a s s o c ia te d  w ith  a  h ig h  d e g re e  o f u n s a tu ra t io n  o f th e  m e m b ra n e  fa t t y - a c id s  
thus p re v e n t in g  a p h a s e  change in  th e  l ip id  la y e r  o f th e  m e m b ra n e  f r o m  a
%
l iq u id - c r y s t a l l in e  to  a s o lid  g e l a t c h i l l in g  t e m p e r a tu r e s .  T h e r e f o r e ,  
t e m p e r a tu r e  a c c l im a t iz a t io n  o f th e  le a v e s  a f fo rd e d  a u n iq u e  o p p o r tu n ity , % 
w h ic h  w a s  u s ed  in  th is  th e s is ,  to  e lu c id a te  the  b io c h e m ic a l m e c h a n is m s  • 
w h ic h  e n a b le  p la n ts  to  s u rv iv e  lo w  te m p e r a tu r e  s tre s s  and th e re b y  e x te n d  j  
t h e i r  g e o g ra p h ic a l ra n g e .
I
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P r in c ip a l  r e s u lts
1. C h i l l - s e n s i t iv e  le a v e s  c an  b e  d iv id e d  in to  tw o  c a te g o r ie s  b a s e d  on
t h e i r  s u s c e p t ib i l i ty  to  c h i l l in g - in ju r y : -
a ) E x t r e m e ly  c h i l l - s e n s i t iv e  s p e c ie s  w h ic h  a r e  r a p id ly  d a m a g e d  
on e x p o s u re  to  te m p e r a tu r e s  b e tw e e n  12 to  1 5 ° C  ( e .g .  E p is c ia  
re p ta n s ) and w h ic h  ca n n o t be r e a d i ly  h a rd e n e d  a g a in s t c h i l l in g -  
in ju r y .  M a in ta in in g  100 p e r  c en t r e la t iv e  h u m id ity  d u r in g  
c h il l in g  a t 5 ° C  doeiS n o t p r e v e n t  in ju r y  to  th e s e  s p e c ie s ,  
a lth o u g h  the sp eed  a t w h ic h  in ju r y  o c c u rs  is  re d u c e d .
T h e r e f o r e , i t  is  s u g g e s te d  th a t m e ta b o lic  im b a la n c e s  p ro d u c e d  
b y  th e  in c re a s e  in  E ^  o f m e m b ra n e  bound e n z y m e s  a r e  th e
. m a in  p a th w a y  le a d in g  to  in ju r y  in  th e s e  s p e c ie s  and th a t  
w a te r  lo s s  m a y  be o f s e c o n d a ry  im p o r ta n c e .
b) C h i l l - s e n s i t iv e  s p e c ie s  w h ic h  a r e  d a m a g e d  in  th e  0 to  lO ^ C  
ra n g e  (e . g. P h a s e o lu s  v u lg a r is )  and w h ic h  can  be r e a d i ly  
h a rd e n e d  a g a in s t c h i l l in g - in ju r y  a t 5 ° C ,  85 p e r  c e n t R H ,  
b y  4  d ay s  g ro w th  a t 12® C, 95 p e r  c e n t R H  b e fo re  c h i l l in g .  
M a in ta in in g  100 p e r  c e n t R H  d u r in g  c h i l l in g  a t 5 ° C  p re v e n ts  
in ju r y  to  th e s e  s p e c ie s . T h e r e fo r e  i t  is  s u g g e s te d  th a t  
w a te r  lo s s  is  th e  m a in  p a th w a y  le a d in g  to  in ju r y  in  th e s e  
s p e c ie s  and th a t m e ta b o lic  im b a la n c e s  p ro d u c e d  b y  the  
in c r e a s e  in  E ^  o f m e m b ra n e  bound e n z y m e s  a r e  o f  
s e c o n d a ry  im p o r ta n c e .
2 . In  p la n ts  g ro w n  a t 2 5 ° C  th e  d e g re e  o f u n s a tu ra t io h  o f the  to ta l  le a f  
f a t t y - a c id  o f c h i l l - r e s is t a n t  s p e c ie s  w a s  n o t h ig h e r  th a n  in  th e  le a v e s
p  , . .. . . . .  .
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o f c h i l l - s e n s i t iv e  s p e c ie s . T h e  c h i l l - s e n s i t iv i t y  o f le a v e s  g ro w n  a t  
2 5 ^ C  w a s , h o w e v e r , r e la te d  to  a lo w  to ta l  p e rc e n ta g e  o f l in o le ic  
and l in o le n ic  a c id  a s s o c ia te d  w ith  ea c h  p h o s p h o lip id , a lth o u g h  th e  
r e la t io n s h ip  w as  n o t p r e c is e  in  e v e r y  p h o s p h o lip id . T h e r e f o r e ,  a 
c o m p a r is o n  o f th e  to ta l  p e rc e n ta g e  o f l in o le ic  and l in o le n ic  a c id  o f 
a l l  the  le a f  p h o s p h o lip id s  c o m b in e d  show ed th e  m o s t  m a rk e d  
re la t io n s h ip  to  th e  c h i l l - s e n s i t iv i t y  o f th e  s p e c ie s . T h e  d e g re e  o f  
u n s a tu ra t io n  o f th e  g ly c o lip id s  co u ld  n o t be  r e la te d  to  th e  c h i l l -  
. s e n s it iv i ty  o f th e  s p e c ie s  and th is  is  in  a g re e m e n t  w ith  th e  re s u lts  
o f th e  a n a ly s e s  o f th e  to ta l  l e a f  f a t t y - a c id  a n a ly s e s  o f p la n ts  g ro w n  
a t  2 5 ° C .
I
3 . T r a n s f e r  f r o m  25^ C  to  5 ° C ,  85 p e r  cen t R H , p ro d u c e d  a t r a n s i t o r y  
in c re a s e  in  th e  e th a n o l c o n te n t o f c h i l l - s e n s i t iv e  le a v e s . T h is  is  
c o n s id e re d  to  be due to  m a jo r  im b a la n c e s  in  T C A  and g ly c o ly t ic  
a c t iv i t y  as a r e s u l t  o f a p h a s e  change in  th e  m e m b ra n e  l ip id s  o f  
th e  m ito c h o n d r ia  w h ic h  in c r e a s e s  th e  o f m a n y  T C A  e n z y m e s .  
F u r t h e r m o r e ,  c h i l l in g  re d u c e d  th e  e x te n t to  w h ic h  m a lo n a te  
in h ib ite d  o x y g e n  u p ta k e  in  c h i l l - s e n s i t iv e  le a v e s , s u g g e s tin g  th a t  
T C A  c y c le  a c t iv i t y  w a s  a lr e a d y  a d v e r s e ly  a f fe c te d  b y  the  c h i l l in g  
t r e a tm e n t .
4 . T r a n s f e r  f r o m  2 5 ° C  to  5 ° C ,  85 p e r  cen t R H , r e s u lte d  in  ra p id  
d e c re a s e s  in  th e  p e rc e n ta g e  o f l in o le n ic  a c id  and to ta l  w e ig h t o f 
f a t t y - a c id  in  th e  to ta l  le a f  e x t r a c t  o f c h i l l - s e n s i t iv e  s p e c ie s . In  
c h i l l - r e s is t a n t  s p e c ie s  th e  p e rc e n ta g e  o f l in o le n ic  a c id  and w e ig h t  
o f f a t t y - a c id  in  the le a v e s  r e m a in e d  u n ch an g ed  on c h il l in g  a t 5 ° C .
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R a p id  d e c re a s e s  in  th e  w e ig h ts  o f ph"ospholip ids and g ly c o lip id s  
in  th e  le a v e s  o f c h i l l - s e n s i t iv e  s p e c ie s  on c h i l l in g  su g g e s ted  
m e m b ra n e  b re a k d o w n  due to  e n z y m e s  such as p h o s p h o lip a s e  D  
and g a la c to lip a s e .
5 . S e v e r a l  c h i l l - s e n s i t iv e  s p e c ie s  e . g. G o s s y p iu m  h ir s u tu m , P h a s e o lu s
v u lg a r is  and C u c u m is  s a tiv u s  co u ld  be h a rd e n e d  a g a in s t  c h i l l in g -
in ju r y  a t 5 ° C ,  85 p e r  c e n t R H , b y  g ro w in g  th e m  f o r  2 to  4 d a ys  a t
- 212 C , 95 p e r  cen t R H  and  1 8 -h o u r  p h o to p e r io d  o f 7 1 .8  "W. M ,  
b e fo re  c h i l l in g .  Y oung  le a v e s  o f th e s e  s p e c ie s  h a rd e n e d  m o re  
e f f e c t iv e ly  th a n  o ld e r  le a v e s .  H a rd e n in g  le a v e s  o f P h a s e o lu s  v u lg a r is  
fo r  2 d ays  a t 1 2 °C , 95 p e r  c e n t R H , in  the  d a r k  w a s  n o t e f fe c t iv e  a g a in s t  
su b s eq u e n t c h i l l in g  a t 5 ° C ,  85 p e r  cen t R H ,
6 . H a rd e n in g  c h i l l - s e n s i t iv e  p la n ts  p ro d u c e d  no m a jo r  in c r e a s e  in  
th e  d e g re e  o f u n s a tu ra t io n  o r  w e ig h t o f f a t ty -a c id s  in  the  to ta l  
le a f  and c h lo ro p la s t  f a t t y - a c id  e x t r a c ts .  O n ly  a s m a l l  in c re a s e  
in  th e  p e rc e n ta g e  o f l in o le ic  a c id  o f th e s e  e x tr a c ts  w a s  d e te c te d .
7 . .H a rd e n in g  re s u lte d  in  in c re a s e s  o f up to  12 p e r  c e n t in  th e  
p e rc e n ta g e  o f l in o le ic  a c id  a s s o c ia te d  w ith  a l l  th e  le a f  p h o s p h o lip id s  
o f c h i l l - s e n s i t iv e  G o s s y p iu m  h ir s u tu m  and P h a s e o lu s  v u lg a r is .
T h e s e  in c re a s e s  in  u n s a tu ra t io n  w e re  show n to  be  p o s it iv e ly  
r e la te d  to  th e  in c re a s e d  to le r a n c e  o f th e  p la n ts  to  c h il l in g  b y  
th e  fa c t  th a t  s im i la r  in c r e a s e s  d id  no t o c c u r  d u r in g  th e  g ro w th  
o f c h i l l - r e s is t a n t  H o rd e u m  v u lg a r e  a t 1 2 ^ 0  and th e  in e f fe c t iv e  
a tte m p ts  a t h a rd e n in g  c h i l l - s e n s i t iv e  E p is c ia  re p ta n s  o v e r  
4  d a ys  a t 1 5 ° C , th e  lo w e s t  te m p e r a tu r e  th is  s p e c ie s  can  
w ith s ta n d  w ith o u t in ju r y .  \
8 . H a rd e n in g  a g a in s t c h i l l in g - in ju r y  in  th e  s p e c ie s  in v e s t ig a te d  w as  
show n to be r e la te d  to  an  in c r e a s e  in  u n s a tu ra t io n  o f th e  p h o s p h o ­
l ip id  f r a c t io n  a lo n e  s in c e  no change o c c u r re d  in  the  f a t t y - a c id  
c o m p o s it io n  o f th e  .g ly c o lip id s  on h a rd e n in g . T h is  a c c o rd e d  
w ith  e a r l i e r  o b s e rv a tio n s  w h ic h  show ed no m a jo r  in c r e a s e  in  
u n s a tu ra t io n  o f the  to ta l  le a f  and c h lo ro p la s t  f a t ty -a c id s  on 
h a rd e n in g . T h e r e fo r e  i t  is  co n c lu d ed  th a t h a rd e n in g  p re v e n ts  
c h i l l in g - in ju r y  b y  in c r e a s in g  th e  d e g re e  o f u n s a tu ra t io n  o f th e  
p h o s p h o lip id s  th e r e b y  lo w e r in g  the  t r a n s it io n  t e m p e r a tu r e  o f 
th e  l ip id  la y e r  o f th e  m e m b ra n e .
9. L e a v e s  o f P h a s e o lu s  v u lg a r is  t r a n s f e r r e d  f r o m  2 5 ° C  to 5^ C , 100 p e r  
c e n t R H  and 1 2 °C , 100 p e r  c en t R H  fo r  4  d a y s , b y  e n c lo s u re  in  
p o ly th e n e  b a g s , d id  n o t h a rd e n  a g a in s t s u b se q u en t c h i l l in g - in ju r y  a t 
5 ° C , 85 p e r  c en t R H . In  a g re e m e n t  w ith  th is  f in d in g  no in c r e a s e  in  
u n s a tu ra t io n  o f th e  p h o s p h o lip id s  w as  d e te c te d  o v e r  4  days g ro w th  a t 
5 ^ C , 100 p e r  c en t R H  and 1 2 ° C , 100 p e r  cen t R H . I t  is  su g g es te d  
th a t  p la n ts  g ro w n  a t 5 and 1 2 ^ C , 100 p e r  ce n t R H , b y  e n c lo s u re  in  
p o ly th e n e  bags  do n o t h a rd e n  a g a in s t su b seq u en t c h i l l in g - in ju r y  a t  
5 ° C ,  85 p e r  c e n t R H , b e c a u s e  th e  c o n c e n tra t io n  o f c a rb o n  d io x id e  w ith in  
th e  bag  is  r a p id ly  re d u c e d  b y  p ho to  s y n th e tic  f ix a t io n . T h is  re s u lts  in  th e  
c e s s a tio n  o f p h o to s y n th e s is  and a re d u c e d  s u p p ly  o f th e  c o fa c to rs  
o x y g e n  and N A D  P H  a v a i la b le  fo r  d e s a tu ra s e  a c t iv i t y .  S im i la r ly ,  
i t  is  th o u g h t th a t  P h a s e o lu s  v u lg a r is  does not h a rd e n  in  th e  d a r k  ,
a t 1 2 °C , 95 p e r  ce n t R H , due to  the  en d in g  of p h o to s y n th e s is , r e s u lt in g
in  a  re d u c e d  s u p p ly  o f o xyg en  and  N A D P H , th e re b y  l im i t in g  d e s a tu ra s e  
a c t iv i t y  to  a lo w  le v e l  in  th e  d a r k .
10. A n  in c r e a s e  in  le a f  age a t  2 5 ^ C  w as  show n to  in c re a s e  the  
s u s c e p t ib i l i ty  o f c h i l l - s e n s i t iv e  p la n ts  to  c h i l l in g - in ju r y  and  
I c h i l l - r e s is t a n t  p la n ts  to  f r e e  z in g - in ju r y .  T h is  in c r e a s e  in
s u s c e p t ib i l i ty  o f o ld e r  le a v e s  to  d a m a g e  a t e i t h e r  5 ° C  in  the  
c as e  o f c h i l l - s e n s i t iv e  p la n ts , o r  - 4 ° C ,  in  the  c a s e  o f c h i l l -  
r e s is ta n t  p la n ts , w a s  r e la te d  to  a d e c re a s e  in  u n s a tu ra t io n  
and w e ig h t o f p h o s p h o lip id s  w ith  in c re a s e  in  age a t  2 5 ° C .
T h e  Ip s s  e f fe c t iv e  h a rd e n in g  o f o ld e r  le a v e s  o f G o s s y p iu m  h ir s u tu m  and
■P h a s e o lu s  v u lg a r is  m a y  a ls o  be r e la te d  to  th is  d e c re a s e  in  the  d e g re e  
o f u n s a tu ra t io n  o f th e  p h o s p h o lip id s  w ith  in c r e a s e  in  a g e . T h e r e f o r e ,  
le a v e s  o f y o u n g  p la n ts  a r e  b e t te r  e q u ip p e d  to  w ith s ta n d  lo w  t e m p e r a tu r e  
s tre s s  a t a c r i t i c a l  s ta g e  in  t h e i r  e s ta b lis h m e n t w h e n  m a n y  fa c to r s  can  
d e te r m in e  th e  s u c c e s s  o r  f a i lu r e  o f a  s p e c ie s  in  its  h a b ita t .
11 . A  c o m p a r is o n  o f h a rd e n in g  c h i l l - s e n s i t iv e  s p e c ie s  a g a in s t  
c h i l l in g - in ju r y  and c h i l l - r e s is t a n t  s p e c ie s  a g a in s t  f r e e z in g -  
in ju r y  show ed th a t ch an g es  in  u n s a tu ra t io n  and w e ig h t o f 
l ip id s  w e r e  s im i la r .  T h e r e f o r e  i t  is  su g g ested  th a t ,  in  
so m e in s ta n c e s , an  in c r e a s e  in  u n s a tu ra t io n  and w e ig h t o f 
p h o s p h o lip id  on h a rd e n in g  c h i l l - r e s is t a n t  s p e c ie s  a g a in s t  
s u b -z e r o  te m p e r a tu r e s  m a y  be im p o r ta n t  in  re d u c in g  the  
s e v e r i ty  o f f r e e z in g - in ju r y ,e i t h e r  b y  p re v e n t in g  a p h ase  
change a t s u b -z e r o  te m p e r a tu r e s ,  o r  b y  p ro d u c in g  a change  
in  m e m b ra n e  s t r u c tu r e ,
12. In  c o n c lu s io n , th e  r e s u lts  r e p o r te d  in  th is  in v e s t ig a t io n  
p ro v id e  e v id e n c e  th a t h a rd e n in g  c h i l l - s e n s i t iv e  le a v e s
p re v e n ts  c h i l l in g - in ju r y  b y  in c r e a s in g  th e  d e g re e  o f u n s a tu ra t io n  o f 
the  m e m b ra n e  p h o s p h o lip id s  th e re b y  lo w e r in g  th e  te m p e r a tu r e  o f 
th e  p h ase  change in  th e  l ip id  la y e r  o f th e  c e l lu la r  m e m b ra n e s .
T h is  p h ase  change does n o t o c c u r  on c h i l l in g  c h i l l - r e s is t a n t  
p la n ts  but m a y  o c c u r  a t s u b -z e r o  te m p e r a tu r e s  and in c re a s e  
t h e i r  s u s c e p t ib i l i ty  to  f r e e z in g - in ju r y .
' • • 208.
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